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Steelmaking Since Bessemer 


By Sir Charles Goodeve, 0.B.E., D.Sc., F.R.S. 


THE BRITISH ASSOCIATION has a long history of 
contributions to the ‘advancement of science.’ It 
is justifiably most proud of the fact that its summer 
meeting exactly one hundred years ago was chosen 
as the place to announce a discovery which was to 
have an effect upon civilization ranking amongst the 
most important in the history of mankind. At 
Cheltenham on llth August, 1856, Mr. Henry 
Bessemer told of a new method of making steel, a 
method which was, at least in principle, extremely 
simple and cheap. This exciting announcement was 
fully reported in The T'imes a few days later. 

The speed with which Bessemer, working at St. 
Pancras almost alone, brought about the original 
successes which led to his announcement; the awful 
setback and disappointment which followed when he 
tried to make the process work in the steelworks of 
his licensees; the even harder work, now with the 
help of some others, which finally won through to 
ultimate success—all add up to a classic which is a 
prototype for the story of many inventions. Bessemer 
had already achieved financial independence through 
his invention of a method for making bronze powder 
for gold paint, and one which was very much cheaper 
than the existing methods. He took advantage of 
this independence to press forward with his experi- 
ments at a fast rate. Bessemer was a determined 
and courageous man, and the setback only spurred 
him on through the usual frustrating period of 
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bringing a new discovery into commercial use. His 
story has set an example and given courage to many 
inventors. 

Much has been said in this centenary year! 
about the discovery itself, the developments which 
followed, and the revolutionary consequences of the 
introduction of tonnage [ propose to talk 
about the chemistry of this high-temperature process, 
and in particular about that chain of chemical 
development which was started by Bessemer and 
indeed has not yet finished. I refer to the making of 
steel by pneumatic processes. 

Steelmaking, because of its importance, has led the 
way through most of the last hundred years in 
technical progress in high-temperature chemistry. 
In recent years, however, processes to make metals 
such as titanium, which require still higher tempera- 
tures, are sharing this leading position. 

Let me recall for you the chemical problem faced by 
steelmakers today, a problem which is much the 
same as that faced by Bessemer. Iron ore is essen- 
tially burnt iron or iron oxide, mixed with oxides of 
other metals, principally silicon, aluminium, and 
calcium. The first stage is to ‘ un-burn’ the iron or 
deoxidize it to form the metal, which, being heavier 
and insoluble in the remaining oxides, will, if hot 
enough to be molten, separate from the other com- 
ponents. However, in doing this, one has to deoxidize 
selectively to make sure that one does not bring into 
the metal a large number of impurities. Fortunately 
this can readily be done, so that little of the silicon, 
and none of the calcium and aluminium, comes into 
the metallic state. However, one cannot prevent all 
the phosphorus and some sulphur commonly present 
in the ore and in the fuel respectively, coming into the 
metal. 
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A cheap and simple deoxidizing agent is carbon in 
the form of coke, and this when mixed with iron ore 
in the blast-furnace carries out the necessary reduction 
very efficiently and rapidly. It is not practicable to 
stop the process of deoxidation at the right place, and 
the metal which comes out of the blast-furnace is 
over-deoxidized and contains a large quantity of 
carbon. This amounts to only about 4% by weight, 
but represents nearly 16°, of the atoms in the metal. 
This iron-carbon alloy corresponds to a_ stable 
chemical stage in the process and, therefore, one which 
is exceedingly difficult to avoid, if carbon is used. It 
does, however, present other problems and_ these 
are the problems facing the steelmaker himself. 

Once liquid pig iron is made the problem is to 
reoxidize it to remove the carbon and possibly other 
impurities. Before the days of Henry Bessemer this 
was done by rabbling or stirring with molten iron 
oxides in what is called a puddling furnace. This 
process, which is still carried on today in some remote 
parts of England (!), operates in three main stages. 
The first of these is one of the oldest purification pro- 
cesses known to chemists, that of crystallization. 
To understand this, I must remind you that pure iron 
crystallizes at a temperature of 1535°C. The melting 
point of pig iron, on the other hand, is reduced by the 
presence of the carbon and other impurities to some- 
where near 1100° C. The puddling furnace operates 
at a temperature just above this. When half the 
carbon has been removed by oxidation through 
reaction with the iron oxides, iron crystals begin to 
form, and these are, like most crystals, purer than 
the melt from which they have come. 

However, they still contain more than 1% carbon 
and this is removed in a second stage. The crystals 
are stirred with the molten oxide slag so that the 
carbon, on diffusing to the surface of the crystals, is 
oxidized and boils off. Very low carbon contents 

an be obtained in this way. 

The final stage consists of raising the temperature 
and forming a ball of iron crystals, with some en- 
trapped slag, on the end of a rabbling rod. These 
crystals cannot be separated by gravity as a liquid 
iron does in the blast-furnace, but a partial separation 
from the slag can be achieved by skilful squeezing 
under a hammer. 

The process requires great skill and is an extremely 
slow and arduous one. Two to three hours are 
required to produce } ton of metal. The first stage is 
limited by the difficulty in stirring rapidly enough to 
promote a chemical reaction between a viscous slag 
and a heavier molten metal beneath it, and the second 
stage depends on diffusion in the solid metal phase. 
There are important physical limitations as well, 
especially in the third stage of slag removal under a 
hammer. The iron itself, known to you all as 
‘wrought ’ iron, has some good qualities, but is much 
inferior to modern steel. 

The open-hearth furnace, which was invented 
shortly after Bessemer’s converter, operates in a way 
similar to the first stage of a puddling furnace in that 
a slag containing iron oxide must react with a bath 
of melted steel scrap to which has been added liquid 
or cold pig iron. However, the chemical reaction 
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in the open-hearth furnace is much faster than that 
in the puddling furnace because it operates at a 
temperature nearly 400° C higher. Hand stirring is 
now impossible, but the carbon monoxide gas evolved 
comes off fast enough to give a reasonable stirring 
action, and the oxidation of many tons of metal is 
brought to completion in a matter of 5-6 hours. 
A modern large open-hearth furnace will produce a 
ton of steel every 3 minutes. 

We can now have a look at what Bessemer did. 
Instead of supplying the oxygen in the form of iron 
oxide, he decided to use the very simple and cheap 
method of blowing air through the metal itself. The 
cost of his oxygen was therefore only that of running 
hispump. It must have taken a great deal of courage 
and skill to have tried such a thing with the equipment 
available at that time. The speed of his process was 
limited only by the fact that too great an air flow 
might blow the iron out of the top of his converter. 
The chemical reaction was now extremely fast, about 
a thousand times faster than the puddling furnace 
of that day. Indeed, a modern Bessemer vessel 
one-tenth the size of a modern open-hearth furnace 
can convert 8 tons of iron or steel in the 3 minutes 
that the open-hearth, takes to convert | ton. 

We do not have to look far for the cause of this 
tremendous difference. We now know that at steel- 
making temperatures, where the molecules move at 
high velocities, a good proportion of the collisions 
between potentially reactive molecules are successful 
simply because these collisions occur with great force, 
a force sufficient to overcome the resistance to chemical 
change caused by the stability of the original 
molecules. In the language of physical chemistry, a 
reasonable proportion of the colliding molecules have 
the required ‘energy of activation.’ The rates of 
iron- and steelmaking reactions are therefore governed 
by the rates at which collisions between the right 
kind of molecules occur, and this in turn is governed 
by diffusion and by the rate of mixing. We will see 
presently, however, that there is at least one exception 
to this rule. 

Henry Bessemer was an engineer, and while 
spotting that his fuel could be found in the carbon in 
the iron, he appreciated the importance of mixing, 
and that was the basic cause of his triumph. He 
knew that he had to disperse his air in fine bubbles 
in the molten metal to give a large area of gas/metal 
interface and to agitate the mixture violently. 

However, Bessemer could not get out of his 
difficulties because he was not a physical chemist. 
One could hardly blame him for that because the 
breed was not known at that time, despite the 
extensive hybridization of scientists that had already 
taken place. 

What went wrong with the Bessemer process 
immediately after the announcement? The steel 
made in his experimental work at St. Pancras was 
perfectly alright, but steel made anywhere else was 
useless. It was soon found that, by a lucky chance, 
the pig iron from which the first Bessemer steel was 
made was very low in phosphorus. The pig iron 
that other people tried to use contained more 
phosphorus, and this remained in the final steel and 
rendered it unworkable. 
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The laws of nature, together with thermodynamic 
data, now well known to physical chemists, indicate 
that oxides of phosphorus are more readily reduced 
than those of iron. Hence, all of the phosphorus 
originally in the iron ores comes out in the pig iron 
from the blast-furnace. Selective deoxidation works 
against the ironmaker here because the phosphorus 
is deoxidized before or at the same time as the iron. 
From the very same rules one might deduce that 
selective oxidation cannot help because the iron will 
oxidize before the phosphorus. Indeed, Bessemer 
blew and blew his phosphorus-containing iron, 
burning half of it away without making any impres- 
sion on the phosphorus. He finally gave up trying 
and confined his process to iron produced from very 
low-phosphorus ore. Fortunately, there was such 
an ore in Cumberland and the process operated 
successfully there, and it still does until this day. 
In the United States there are great deposits of low- 
phosphorus iron ores, and accordingly the process 
got away to a very good start in that country. 
Indeed, the great railway expansion that took place 
nearly a hundred years ago owes itself entirely to the 
Bessemer process. Bessemer’s first iron came from 
the low-phosphorus ores of Sweden, and that country 
played a major part in the development of the process. 

It was left to a young chemist with a good scientific 
training, Sidney Gilchrist Thomas, to find the 
solution to Bessemer’s phosphorus problems twenty 
years later. I have spoken about selectivity rules 
governing oxidation and deoxidation as if they were 
quite simple, but indeed they are not. In recent 
years a tremendous amount of research work has been 
done to put these on to a quantitative basis. Let 
me attempt to outline these rules in modern terms. 
Every element or compound when present in a 
phase such as liquid metal has a potential, that is, a 
‘chemical potential.’ If an element likes to be in a 
particular phase, that is, it has an attraction for its 
intimate surroundings, its potential will be low. If, 
however, it has little liking for its surroundings, then 
its potential will be relatively high. This chemical 
potential can be measured by the vapour pressure, 
p, of the element or compound, and indeed is given by 
the quantity RT log p. Scientists will recognize 
that this term has the dimensions of work or energy 
and they know that electrical potential can also be 
measured in units of work. 

In all steelmaking systems we have to deal with 
three phases, a metal phase, a gaseous phase, and 
what is probably best simply called a slag phase, the 
latter consisting of a mixture of inorganic com- 
pounds such as silica, lime, and iron oxide. An 
element such as oxygen or phosphorus can be present 
in all three phases and will have a potential in each 
of these depending on its concentration and on its 
attraction for the other elements and compounds 
which are present. The potential of an element rises 
logarithmically as its concentration rises, and falls 
with an increase in attraction, as measured by the heat 
evolved on entering the phase. 

The fundamental second law of thermodynamics 
tells us that an element can only move on its own 
from a phase of higher potential to one of lower 
potential. This is parallel to the simple axiom that 
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water can run only down a hill. We have through 
this law a means of determining the direction of a 
chemical reaction. If we want to remove an element 
such as phosphorus from a metal phase, then we can 
either raise its potential in that phase or lower its 
potential in the other phases with which the metal is 
in contact. We can in fact raise the phosphorus 
potential in metals but only very slightly, and, indeed, 
little use can be made of this effect. We know that 
in practice we cannot lower the potential of phos- 
phorus in the gaseous phase sufficiently. Therefore, 
we are left with only one thing we can do, and that 
is to lower the phosphorus potential in the slag phase, 
and in this lies the secret of the Sidney Gilchrist 
Thomas process. In simpler language, we must not 
just attempt to push the phosphorus out of the 
iron but we must draw it out by means of a slag 
which has a strong affinity either for phosphorus or 
for a compound of phosphorus such as P,O;. We 
do not know of any inorganic compounds that have 
a strong affinity for phosphorus in itself, but only of 
some which have this for the pentoxide. Strongly 
basic materials such as lime and magnesia have the 
affinity that we require. 

But we can get P,O; only by oxidation. This 
means that we need a high oxygen potential in the 
system in order to help the phosphorus in the metal 
to go over into the slag. This and a highly basic but 
fluid slag are the primary conditions for phosphorus 
removal. Under such conditions the ratio of the 
phosphorus concentration in the slag to that in the 
metal, known as the equilibrium partition ratio, 
can be got up as high as 500 (on a weight basis). 
At this equilibrium, the phosphorus potentials in the 
slag and metal are equal and the high relative con- 
centration achieved in the slag is a consequence of the 
low energy level of the phosphorus atoms because of 
their high attraction towards their surroundings. 

The chemistry of this sounds comparatively simple, 
but the practical problems facing Thomas of making 
a basic lining to a Bessemer converter were enormous. 
Nevertheless he, with the help of his Welsh cousin, 
Percy Gilchrist, solved them, and the improved 
process swept the world in an even bigger way than 
the original Bessemer process. Indeed, it rather took 
the place of the former. It made possible the 
development of the great French and German iron 
and steel industries and the industries of Luxembourg 
and Belgium. It brought the Bessemer process into 
use with British home ores in the Cleveland and 
Midland areas and in South Wales, and went into 
many other parts of the world. Today over 60% of 
French steel and one half of the German is made by 
this process. This British invention allowed the 
industrial revolution to spread to countries in Europe 
and brought them into severe competition with this 
country. 

Turning back to the chemistry of the process, we 
find that in the Thomas—Bessemer converter oxidation 
of the impurities takes place more or less in sequence. 
The oxygen of the air first attacks the silicon which is 
always present to some extent in pig iron, and burns 
this to silica, the oxide of silicon. When this is 
mostly gone, the oxygen then attacks the carbon, 
and as the quantity present is rather large, some time 
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is taken over this. When the carbon is mostly 
gone, the air will then oxidize the phosphorus if there 
is lime there to take up the phosphate produced. 
Some oxidation of iron also takes place during the 
phase of phosphorus removal. 

Indeed, when one looks at the actual mechanism 
of this reaction, one sees that the oxygen molecules 
in the air entering the bottom of the molten-iron 
bath are much more likely to collide with iron atoms. 
These form iron oxide which subsequently reacts 
with the silicon and carbon while the bubbles rise. 
Oxidation of the phosphorus takes place when the 
iron oxide gets through to the lime to make a liquid 
slag on top of the bath, and this can occur only when 
very little carbon is left in the iron. 

However, even after Thomas’s success in the 
removal of phosphorus, the ups and downs of pneu- 
matic processes were far from being at an end because 
a number of handicaps remained. The air blown 
through the converter contains 79% of nitrogen, 
which has a considerable solubility in steel, especially 
when the carbon is reduced. (Carbon pushes up 
the potential of nitrogen in the metal phase, that is, 
opposes its entry.) This solubility is only partially 
achieved in practice, probably because nitrogen is 
very stable and only a small proportion of its mole- 
cules have the required energy of activation to dissolve 
in the iron. A certain amount of nitrogen in the 
steel does not matter for rails or tubes, but, unless 
special steps are taken to lower it, the steel will not 
be useful for some other purposes. For example, 
ships cannot be made indiscriminately of such steel 
otherwise they might break. The weakness of 
Bessemer steel in this respect was found to be almost 
entirely absent in the open-hearth process invented 
by Siemens and Martin. It was some time before 
the reason for this difference was discovered: the 
nitrogen content of open-hearth steel was two to 
three times less than it was in Bessemer steel. 

The open-hearth process also has one very impor- 
tant practical advantage, particularly in Great 
Britain, in that one can, along with pig iron, melt 
steel scrap very economically and make fresh good 
steel thereby. Therefore, even though the open- 
hearth process goes many times more slowly than 
the Bessemer process, it nevertheless can be more 
economical where steels are required for a wide variety 
of uses. 

There is a third handicap to the Thomas and 
Bessemer processes. Enough heat must be generated 
to raise the temperature of the metal, melt the slag- 
forming materials, and provide for the high thermal 
losses in the emitted gases and through the walls of 
the vessel. This and other operating factors put 
restrictions on the composition and temperature of 
the pig iron that can in practice be used; for example, 
the Thomas process requires an iron high in phos- 
phorus and low in silicon, and the Bessemer process 
an iron low in phosphorus and high in silicon. 

For these reasons, and despite its cheapness and 
simplicity, the Thomas process steadily gave way to 
the open-hearth, until today it represents less than 
15% of the world’s production. 

However, the decline is now being arrested, largely 
through developments made on the Continent. The 
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first of these was the invention by Linde and Frankl 
of the regenerator system of producing oxygen from 
air. This makes possible the large-scale or tonnage 
production of oxygen and reduces the cost of oxygen 
gas, but not liquid, by a factor of about five. This 
has led to a second recent Continental development, 
the use of this oxygen in the Thomas converter, 
either by enriching the air with oxygen or by using 
pure oxygen diluted with steam or with carbon 
dioxide. The second of these, the oxygen-steam 
process, was developed in Belgium and is making 
rapid headway there and also in France and Germany. 
It is about to do so in this country; there will be 
two converter plants operating this process by the 
autumn of this year. In two or three years they 
will be joined by a third completely new plant. 
The use of oxygen in the Thomas—Bessemer proces: 
removes most of the difficulties referred to above. 
First of all the nitrogen content of the steel can be 
reduced to very low levels. More important, how- 


ever, is that steelmakers are given a new degree of 


freedom; they are no longer bound to the 20-8%, 
oxygen in air but can change this at will. This allows 
scrap to be used and temperature/time paths to be 
followed which are best suited to the particular raw 
materials and final product. Oxygen brings back the 
small and frequent batch which is so much easier to 
integrate into the other continuous processes of a 
steelworks. It brings its own problems, of course, 
but these will, I am sure, yield to the research effort 
now being put to them. 

The Bessemer star is in the ascendant again; how 
far it will rise this time one cannot foretell. It 
seems likely that we will see a marked increase in the 
percentage of low-carbon steel made in this country 
by the process. 

One cannot give a discourse on pneumatic steel- 
making methods without bringing in a rather healthy 
young child which was born in Austria. The Thomas 
and Bessemer processes are almost too fast, and as a 
consequence it is difficult to control the composition 
to the required final specification. Part of the trouble 
is that such a process cannot be stopped without 
turning the whole vessel on its side, otherwise the 
steel would run back through the tuyeres at the 
bottom. It has always been attractive to steel- 
makers to have a process that can be carried out in 
a form of ladle, so that it can be stopped at will, 
samples can be taken, and the necessary additions 
can be made. The Austrians have achieved this for 
mild steel by blowing a jet of oxygen down on to the 
surface of the metal contained in a pear-shaped vessel 


not unlike a Bessemer converter, but without, of 


course, the bottom air tuyeres. The impact of the 
jets sets up a vigorous chemical reaction and provides 
all the stirring that is necessary. In general, the 


chemistry of this process is very similar to that of 


the Thomas process, but with one surprising differ- 
ence. As I said earlier, in the Thomas process the 
phosphorus is oxidized into the slag after the carbon 
is mostly gone. In this top-blowing process, how- 
ever, the phosphorus comes out together with the 
carbon or indeed sometimes ahead of it. This has 
some metallurgical advantages and an interesting 
chemical explanation. 
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In top blowing, the ferric oxide formed by the 
action of the oxygen on the metal no longer has to 
survive an attack by silicon and carbon but immed- 
iately reacts with the lime present on the surface to 
form a reactive liquid. The slag has an oxygen 
potential much higher than that of the metal and 
therefore a reaction takes place between the two. As 
before, silicon is the first to be oxidized, but the 
oxidation of carbon is severely handicapped for a 
number of reasons. First of all the solubility of 
carbon in slag is effectively zero and the solubility 
of oxygen in the metal is low, so that carbon—oxygen 
atom collisions in either phase are infrequent. More 
important, however, is the fact that the product of 
combustion, carbon monoxide, has a very low solu- 
bility in both phases and effectively exists only as a 
gas. Because of the surface tension forces it is difficult 
for bubbles of gas to form in the metal phase or at 
the slag/metal interface, and because of the low 
solubility of carbon monoxide, very high super- 
saturations are necessary before nucleation of bubbles 
can occur. We have here in top blowing a case of a 
reaction being slowed down because of the difficulty 
the products have in getting away. Steelmakers 
will recognize that similar conditions apply in the 
open-hearth furnace where iron oxide is added to 
the slag, but these are not so pronounced as in top 
blowing. 

In contrast with carbon, phosphorus has an easy 
road in reacting with slag. Practically every atom 
of phosphorus in the metal which arrives at the slag 
interface is drawn over into the latter phase by the 
affinity forces. To achieve its oxidation it needs to give 
up electrons to the slag, and because of the high 
concentration of ferric iron, which can take up 
electrons to form ferrous iron, this is very easy. 

We have seen earlier that Thomas by introducing 
lime made it possible to change the order of oxidation 
of elements and remove phosphorus before burning 
the iron. Now with top blowing one can make a 
second change of order and remove phosphorus before 
or in parallel with carbon. In comparison with bottom 
blowing the effect is very large at carbon contents 
above 0-1%. At 1% carbon the phosphorus partition 
‘atios in top blowing are one thousand times greater 
than in bottom blowing. 

These chemical developments might be restated in 
a rather oversimplified form. Bessemer failed to re- 
move phosphorus because he provided no place for it 
to go, that is, no place where it would be at a lower 
potential than it was in the iron. Thomas provided 
such a place in a highly oxidizing and basic slag, but 
he could only achieve the oxidizing conditions when 
the carbon was removed so that the oxygen could get 
through the metal to the slag. The Austrians have 
removed this last restriction by getting the oxygen 
into place more directly. 

Although this process is so far limited to low-phos- 
phorus irons (below 0-29), where the slag volume 
is not too great for the oxygen jet to penetrate, it has 
a number of potential advantages in addition to those 
given above. Carbon steels can be made directly 
from medium-phosphorus iron without blowing the 
iron down to very low carbon levels and recarburizing. 
Because phosphorus can be removed at lower tempera- 
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tures where higher partition ratios obtain, the losses 
of iron to the slag need not be so high. 

On its present basis, top blowing is making consider- 
able progress in North America as well as in Europe, 
and some new developments to deal with the higher- 
phosphorus irons in Great Britain are to be expected. 
These might well take the form of intermediate 
processes. 

It is of interest to note that these processes of using 
steam and of top blowing were partly anticipated in 
Bessemer’s patents nearly a hundred years ago. 

It would be fitting to conclude this address with a 
view of the future of pneumatic processes. We have 
seen that Bessemer’s converter is expanding its field 
through tonnage oxygen and that a new top-blowing 
process is growing up alongside it. But steelmaking 
will still depend on the intermediate production of the 
carbon alloy, pig iron, a product which is not only 
off the direct route from ore to steel but is also 
costly to make because of the special requirements of 
blast-furnaces. 

It has been a desire of steelmakers for many 
generations to develop a direct steelmaking process, 
that is, one which converts the ore to a low-carbon 
steel directly. A similar process, the sponge-iron 
process, has successfully operated in Sweden for some 
years. This uses carbon monoxide gas to reduce ore 
at temperatures below 1000° C, where both the ore 
and the iron product are solid. More recently the 
Americans have developed the “ H-iron process ’’+ 
in which high-pressure hydrogen, produced by modern 
cheap methods from oil or hydrocarbon gas, is used to 
‘reduce powdered ore in a fluidized bed at tempera- 
tures near 500° C. These processes cannot make steel 
because the impurities in the ore cannot be separated. 
They are important, however, because of their ability 
to produce for steel furnaces a good feed material if 
one starts with a high-grade ore. 

We have seen that the speed of Bessemer’s process 
‘ame about through the dispersion of air-bubbles 
in a liquid metal. Similar speed potentialities would 
exist if we reversed this system and dispersed small 
droplets of liquid ore in a high-temperature gas. 
Furthermore, if this gas could be maintained at a 
low oxygen potential, the ore droplets would be 
reduced to droplets of liquid metal plus slag. If the 
oxygen potential is controlled at the correct low 
value and lime is introduced for the slag, neither 
silicon, carbon, nor phosphorus need come into the 
metal and thus the droplets would be a form of steel 
rather than pig iron. Finally it would be necessary 
to precipitate the droplets out of the gas and allow 
the metal to separate from the slag by gravity and 
surface tension. 

Laboratory experiments and technical develop- 
ments in allied fields indicate that all the above are 
possible. Accordingly, the British Iron and Steel 
Research Association is actively engaged in developing 
such a process under the name * Cyclosteel.’ This 
is still in its very early stages and nothing like as 
advanced as Bessemer’s process was one hundred years 
ago. Furthermore, | suspect that even with all the 
modern techniques and resources at our disposal, it is 
going to take rather longer than it took Bessemer to 
get through the practical problems. It has, however, 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








118 BESSEMER CENTENARY CELEBRATIONS 


got away to a promising start and, in the preparatory 
stages, we have already made small quantities of very 
crude steel. 

The process is best suited for an ore which is 
already in a finely divided state. Many sources 
already exist, particularly as products of ore-benefici- 
ating processes. The ore is to be preheated, probably 
in a fluidized bed to a temperature just below where 
it becomes sticky, and then injected into the very 
hot reducing gas. The latter is to be produced by a 
fuel such as pulverized coal or atomized fuel oil with 
only sufficient air and oxygen partly to burn it. It is 
almost certainly necessary to use oxygen to maintain 
the necessary high temperature and low oxygen 
potential at one and the same time. From prelimi- 
nary trials we know that the two reactions, ore plus 
carbon monoxide going to iron plus slag and carbon 
dioxide, and coal plus oxygen and carbon dioxide 
going to carbon monoxide, are fast with finely 
divided particles and only a short time in the reaction 
zone seems to be necessary. 

The separation of the gas from the precipitated 
products will take place by gravity and cyclonic 
centrifugal action, and a settling chamber finally 
separates the iron from the slag. 

It is seen that the Cyclosteel process is an 
‘inversion ’ of Bessemer’s process in both a physical 
and a chemical sense. In the latter, fine bubbles of 


an oxidizing gas are dispersed in an over-reduced 
liquid metal, while in the former fine droplets of liquid 
ore or oxidized metal are dispersed in a reducing gas. 

The Cyclosteel process is in its very early stages 
and is only referred to here because of the way it fits 
into the evolution which began with Bessemer. 
Formidable technical obstacles stand in the way 
and will have to be surmounted. On the other 
hand, a method of making steel from powdered ore 
and coal is extremely attractive, especially as it 
avoids the sinter plant and the coke ovens and widens 
the range of fuels that could be used. It is unlikely 
to replace the blast-furnace, at least for many years, 
but if logic can be converted into practice it will 
take a place among pneumatic steelmaking processes. 
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In connection with the celebration of the centenary of Sir Henry Bessemer’s 


> 


discovery of the pneumatic steelmaking process, a small exhibition of portraits, 
photographs, letters, and other relics was held at the Offices of the Institute, 
4 Grosvenor Gardens, $.W.1, from 15th to 18th May, 1956. The following is a 
catalogue of the exhibits on display at that time: except where otherwise stated, 
the exhibits were made available by courtesy of the executors of the late Mr. Henry 


W. Bessemer. 


Items marked * were left to Mr. H. Douglas Bessemer and Miss R. E. M. 
Bessemer by their father, the late Mr. Henry W. Bessemer, with remainder to the 
Institute. They have been deposited with the Institute on loan by Mr. and Miss 
Bessemer. Items marked { have been presented to the Institute by Mr. and Miss 


Bessemer. 


Grateful acknowledgment of these presentations and loans has already been 


made. 


PORTRAITS OF BESSEMER AND HIS FAMILY 


Portrait in oils of Sir Henry Bessemer, by Rudolf 


Lehmann (The Iron and Steel Institute). 
Portrait in oils of Sir Henry Bessemer (artist unknown) 
—see plate facing p. 120 
+Mezzotint portrait of Lady Bessemer. 
Bust of Sir Henry Bessemer (Royal School of Mines). 
Engraving of Sir Henry Bessemer (presented to Mr. K. 
Headlam-Morley by the late Mr. Henry W. Bessemer). 
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Two portraitst and one daguerreotype* of Bessemer as 
a young man. 


“Four Generations ’’—Sir Henry Bessemer, with his 
eldest son, eldest grandson, and eldest great- 
grandson, with a note in Sir Henry’s own hand- 
writing (The Iron and Steel Institute: presented by 
Sir Henry Bessemer in 1896). 

tPhotograph of Sir Henry Bessemer in later years. 
{Photograph of Lady Bessemer in later years. 
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+Cartoon of Bessemer by ‘“ Spy.” 
‘** Oxo ” advertisement, showing head of Bessemer and 
view of converter (Mr. F. H. Bessemer Clark). 
Miniatures of Bessemer’s father and mother: 
One pair, coloured, in two-sided locket (Wiss 
Bessemer Semon). 
One of each, uncoloured, in small heart-shaped frames. 


MEDALS AND HONOURS 


*Gold Casket and Freedom of the City of London (1880). 
*1851 Exhibition, London: Bronze Medal. 
London Exhibition, 1862: Bronze Medal (Miss 
Bessemer Semon). 


+Letter from the President of the Royal Board of 


Trade and Commerce announcing the award to 
Bessemer by H.M. the King of Wiirttemburg of the 
Great Gold Medal for the Arts and Sciences in 1863. 

*** Comthur ” Cross of the Order of Franz Joseph, 
Austria, 1867. 

+Letter from the Chancellor of the Order of Franz 
Joseph about the award of the ** Comthur ” Cross 
of this Order to Bessemer in 1867. 

International Exhibition, Paris, 1867: Napoleon Gold 
Medal (Science Museum: Gift of Mr. W. Bessemer 
Wright, 1938). 

Society of Arts, Manufactures and Commerce: Albert 
Gold Medal, 1872 (Science Museum: Gift of Mr. W. 
Bessemer Wright, 1938). 

*Letter from the Society of Arts, Manufactures and 
Commerce about the award of the Albert Gold Medal 
for 1872. 

London International Exhibition, 1873: Gold Medal 
(Miss Bessemer Semon). 

+Letter from (Sir) William Siemens about the election 


of Bessemer and himself to Honorary Membership of 


the Kénigliche Gewerbe Akademie, Berlin, in 1877. 
*Carved wooden presentation case containing a bronze 


plaque and certificate of Honorary Membership of 


the Verein zur Beférderung des Gewerbfleisses in 
Preussen, 1877. 


+Letter from the above Verein about the despatch of 


the certificate, including new statutes of the Verein 
and *‘ Jubel-Feir”’ publication. 

*Howard Quinquennial Prize bowl (now the Howard 
Gold Medal) of the Institution of Civil Engineers, 
1877. 

*Society of Arts, Manufactures and Commerce: Albert 
Gold Medal, 1885. 

*Grant of Armorial Bearings to Sir Henry Bessemer, 
1880, and letter from College of Arms (Garter). 

Certificates of Honorary Membership of: 

+The Worshipful Company of Turners of London 

tThe Worshipful Company of Armourers and Braziers 
of London 

+Niederésterreichischer Gewerb-Verein, Vienna 

+The Institution of Civil Engineers, London 

+The Society of Engineers, London. 

The Bessemer Gold Medal: founded in 1874 (The 
Tron and Steel Institute). 

+Certificate of Award of the Bessemer Gold Meda! to 
Edward Windsor Richards in 1884, and signed by 
Bessemer himself. It was at Bolekow, Vaughan and 
Co.’s works, of which Richards was manager, that 
successful dephosphorization was first carried out on 
a commercial seale. 

Bronze Bessemer Medal: Royal School of Mines, Lon- 
don (Royal School of Mines). 

Letter from Bessemer to the Royal School of Mines 
offering dies for the Bessemer Medal (Royal School 
of Mines). 
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PHOTOGRAPHS OF BESSEMER’S BIRTHPLACE 
AND HOME 


+The house at Charlton near Hitchin, the birthplace 
of Bessemer (three views). Also the nearby mill. 


+Bessemer Grange, Denmark Hill: Front view. 
+Bessemer Grange, Denmark Hill: The Grotto. 
+Bessemer Grange, Denmark Hill: The Observatory. 
tBessemer Grange, Denmark Hill: The Conservatory. 
tThe telescope erected at Bessemer Grange, Denmark 
Hill. 

+Bessemer’s telescope: part of mechanism. 
TBessemer’s telescope: interior view. 

+The interior of Bessemer’s sun furnace. 

+The exterior of Bessemer’s sun furnace. 

A clock, which originally stood in the hall of Bessemer’s 


home at Denmark Hill, and is now in the hall of 


the Offices of The Iron and Steel Institute, 4 
Grosvenor Gardens, London, S.W.1 (The Lron and 
Steel Institute: prese nted by the late Mr. Henry W. 


Bessemer in 1935). 
BESSEMER THE INVENTOR 


The Pneumatic Steelmaking Process 


Photocopy of The Times, dated 14th August, 1856, 
giving the text in full of Bessemer’s lecture ** On the 
Manufacture of Malleable Iron and Steel,” read 
before the British Association for the Advancement 
of Science at Cheltenham on Monday, 11th August, 
1856 (The Iron and Steel Institute ). 

tReprint of paper by Bessemer ** On the Manufacture 
of Malleable Iron and Steel.’ read before the Insti- 
tution of Civil Engineers in May, 1859. 

*+Reprint of paper by Bessemer * On the Manufacture 
of Continuous Sheets of Malleable Iron and Steel 
Direct from Fluid Metal,’ read before The Iron and 
Steel Institute in IS91. 

W. D. Allen’s account of early difficulties in the 
development of the Bessemer process, given when 
receiving the Bessemer Gold Medal of The Lron and 
Steel Institute in 1890 (J. Iron Steel Inst., 1890, 
No. HI, pp. 15-16). 

Two Journals of The Iron and Steel Institute con- 
taining papers by Bessemer. 

tPhotograph of an early Bessemer plant (possibly at 
Sheftield). 

tPhotograph of one of three original Bessemer pits at 
Ebbw Vale works in 1906, when being dismantled 
for the erection of a new Bessemer plant. 

Photograph of the Ebbw Vale Bessemer Plant before 
demolition (The Tron and Steel Institute {pres nted 
by the late Mr. Guy Barrett). 

Copy of a water colour painted in 1858 by Carl 
Cantzler showing the first Swedish Bessemer plant 
at Edske (presente d by Mr. Fredrik Géransson, 
Chairman of Sandvikens Jernverks A.B.). 

Copies of two documents and one sheet of photographs 
in the archives of Sandvikens Jernverks A.B. con- 
cerning Bessemer’s patent rights in Sweden, 1857 
(presented by Mr. Fredrik Géransson, Chairman of 
Sandvikens Jernverks A.B.). 

Half-sectional model of Bessemer converter (Science 
Museum). 

Diagram of Bessemer process (Science Museum). 
Showcase of Bessemer steel specimens (The Iron and 
Steel Institute: presented by Sir Henry Bessemer). 
Cylindrical vessel made from a very early cast of 

Bessemer steel (Mrs. Howard Bessemer). 

Vase made from a very early cast of Bessemer steel 

(Mrs. Howard Bessemer). 
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Small model anvil made from the first Bessemer ingot 
produced at Ebbw Vale, about 1863-4 (The Iron 
and Steel Institute: presented by the late Mr. Guy 
Barrett). 

+Article and illustration from The Illustrated London 
News, September, 1856. 


Other Inventions 

tPhotograph of rifled projectile designed by Bessemer. 
Artillery experts of the time were doubtful whether 
existing ordnance could fire such projectiles without 
bursting. Bessemer’s subsequent search for improved 
materials eventually led him to the development of 
the converter process of steelmaking. 

*Two bronze plaques cast by Bessemer. 

+‘ Napoleon and Josephine ”; photograph of a medal- 
lion cast by Bessemer. 

{Four copper electrotype impressions from the dies of 
the Napoleon Medals on which Bessemer carried out 
his first experiments on the electrodeposition of 
copper. This work antedated that of Jacobi in 
St. Petersburg by about six years. 
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tInstrument for controlling the firing of naval guns. 


tReprint of paper ‘‘ On the Accurate Firing of Naval 
Ordnance by means of the Vessel’s Motion ”’: read at 
the Royal Naval College, Greenwich, 1873. 


tAn impression (water-colour) of the saloon of the 
S.S. ‘‘ Bessemer” intended to reduce the sufferings 
of bad sailors on the Channel crossing. 


A decorative wooden panel from the saloon of the 
SS. * Bessemer”? (The Iron and Steel Institute: 
presented by Mr. W. A. Woodward in 1950). 

tPhotograph of the saloon of the S.S. ‘‘ Bessemer.” 

tPhotograph of the S.S. “‘ Bessemer’ in dry-dock. 

Seven atlases of drawings illustrating Bessemer’s 
patents (The Iron and Steel Institute: presented by th 
late Mr. Henry W. Bessemer in 1951). 


Bessemer’s ‘‘ Autobiography,’ published posthu- 
mously in 1905 (The Iron and Steel Institute). 


Subsequent to the Exhibition Mr. H. Douglas Bessemer and Miss R. E. M. 
Bessemer also presented a volume “ In Memoriam—Sir Henry Bessemer,” being 
a collection of all the obituary notices which appeared in the press of the world 


on Sir Henry Bessemer’s death. 





OTHER ARTICLES NOT DISPLAYED IN THE EXHIBITION 


+Azimuth dial. 

+Balance and weights. 

+Small electrical machine. 

Silvered replicas of the obverse and reverse of the Royal 
School of Mines Bessemer Bronze Medal. 

Bronze replica of the Bessemer Gold Medal, 1873 (Miss 

Bessemer Semon). 

*Another bronze replica of the Bessemer Gold Medal. 

*Replica on wax of the Bessemer Medal (obverse). 

+Photographic negative of two portraits of Bessemer. 

+Cutting from The Times of 12th February, 1956, show- 
ing the portrait by Lehmann, Consett Works, 
annotated by the late Mr. Henry W. Bessemer. 

+Two photographs of Bessemer in later years; see also 
‘** Portraits,”’ p. 118. 

*Two further photographs of the four generations (in 
different poses); see also “* Portraits,” p. 118. 

*Photograph of Joseph Whitworth, Fairbairn, 
Napier, and Penn, Manchester. 


with 


tPhotograph of British Association meeting, Southamp- 
ton, 1882. 

tA further photograph of Bessemer’s telescope; see also 
** Photographs,”” p. 119. 

tA further photograph of Bessemer’s sun furnace; see also 
‘** Photographs,” p. 119. 

tAnother photograph of Bessemer Grange, Denmark 
Hill; see also *‘ Photographs,” p. 119. 

tLeaflet of press notices on the ‘ Autobiography.” 

TOne further photograph of Lady Bessemer in later 
years; see also ‘“‘ Portraits,” p. 118. 

tPhotograph of Grand Prix Medal, Paris Exhibition, 
1867. 

+Photograph of plaque of head of Minerva. 

+Photograph of two plaques of classical scenes. 

tPhotograph of a drawing for a proposed glassworks. 

tInstitution of Civil Engineers, certificates of associate- 
ship and of membership; see also ‘*‘ Medals and 
Honours,” p. 119. 
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IRON AND STEEL. GALLERY AT THE 


SCIENCE MUSEUM 


In co-operation with the Science Museum, South Kensington, the British Iron and Steel 
Federation is composing a new ferrous metallurgical display in the Museum to commemorate Sir 
Henry Bessemer, F.R.S. A sum of £50,000 has been allocated for this purpose. The following is 
a short survey of the proposed display, which will be completed within three years. 


INTRODUCTION CONTENT OF EXHIBITION 
THIS permanent exhibition is to give a_three- 
dimensional picture of the development of the Area A: HISTORY OF IRONMAKING 


industry all over the world, from its primitive origins A=} to A—Ta History of wrought-iron making 
up to the present day, with special emphasis on the (direct from ore) 
very considerable British contribution. A-8 to A-I3a History of pig-iron making 


. : : 2 istory of Troug -iro aking 
It is not an easy task to tell this story in the A-14 to A-2] —— Br — niin. 
available space, which is limited to 3500 ft?. Obviously . 
the content will have to be condensed to the most 


salient facts. Complicated chemical reactions, works’ Area B: HISTORY OF STEELMAKING 


practices, and specialized machinery and methods will, ; to = “7 haar steels 

in many cases, only be indicated. sia citi sl aia 
Treatment Area C: MODERN IRONMAKING 

__ Use will be made of exhibits in three dimensions to C-1 to C-10 The blast-furnace 

illustrate the story. As much original equipment as C-11 to C-19 Raw products for ironmaking 


possible and many samples and models will be 
included in the display. Movement will be incor- area Dp: MODERN STEELMAKING 
porated where practicable. 


es : i : : D-1 to D-10 The four principal steelmaking 
Flat material will be restricted to those items where pr cua 
three-dimensional treatment proves to be impossible. D-11 to D-20 = Grades of steel 


This applies mainly to the numerous flow charts, 
sig will, however, nearly all be animated by light area BE: SHAPING OF STEEL 
ow. R 


"2 Y ve j 7 

The dramatic glow of molten metal and the sparks “$e ~ 9 Pa a 
so characteristic of steelmaking will be shown by E-10 to E-15 Forging 
colour transparency. Where very great depths are E-16 Continuous casting 
involved, stereoscopic transparencies will be chosen + ps to E-22 a 
as the presentation medium. K a4 to K-27 Tube onaiioa 
Summary 

It is not intended—nor indeed is it possible—to give Area F: THE STEEL AGE 
a complete picture of the industry, but this display F-1 Integrated steelworks 
will endeavour to give a representative outline in such F-2 to F-4 The importance of iron and steel 
a way as to stimulate and hold the interest both of + tg sie Why pg ? 
the student and of the casual visitor from beginning F-11 Testing of steel 
to end. F-12 to F-14 Steel research 
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Study of 7 and 8% Chromium 


Creep-resisting Steels 


FOR USE IN STEAM POWER PLANT 


By M. G. Gemmill, H. Hughes, J. D. Murray, 


F. B. Pickering, and K. W. Andrews 


THE CONTINUING EXPANSION of power plant 
in Britain since 1945 has meant not only more power 
stations, but also power stations of higher thermal 
efficiency, exemplified by a turbine stop-valve pressure 
of 2350 Ib in? and a steam temperature of 566°C 
(1050° F) in a modern unit having a thermal efficiency 
of 42-9°,.1 These more severe operating conditions 
require metals to function at temperatures up to 621 


C (1150° F) in the hottest section of the superheater of 


such a unit. 


As long as the maximum metal temperature of 


boiler plant remained below 566° C, it was possible to 
meet the service demands by the use of low-alloy 
ferritic creep-resisting steels. Above 566° C, or at the 
most 593° C (1100° F), these materials possess neither 
adequate creep strength nor scaling resistance, and 
it has become necessary to turn to austenitic steel 
to meet these requirements. 

The use of an austenitic steel brings with it the 
problem of joining it to a ferritic steel of lower 
thermal-expansion in some part of the steam plant, 
and it would be desirable on these grounds, and on the 
equally pertinent one of first cost, to extend the use 
of creep-resistant ferritic material to metal tempera- 
tures of 621° C. 

It has been determined that to produce scaling 
resistance at 621° C equivalent to that of a 1° Cr-Mo 
steel at 566° C, between 7°% and 8% chromium must 
be present; this fact imposes a serious limitation in 
attaining the other objective of creep resistance, 
because steels containing only 7-8% Cr and no 
other alloying elements are inherently weak at 
elevated temperatures. This paper outlines an 
approach which has been made to overcome the diffi- 
culties which arise in coping with the ever-increasing 
demands of industry in this field of metal usage. 

The paper is divided into three parts, the first of 
which deals briefly with the preliminary development 
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SYNOPSIS 

The study of 7°,, and 8°,, chromium creep-resisting steels to 
bridge the gap at present existing between available low-alloy and 
austenitic materials used in steam power plant was the objective 
leading to the research work reported in this paper. This is divided 
into three parts. The first is concerned with the preliminary 
development work on various 7°,, Cr base steels of duplex constitu- 
tion. The second details the results of a systematic study of the 
metallurgical characteristics of various 8°, Cr, 3°,, Mo steels, 
ferritic at all temperatures. In the third part the properties of an 
8°, Cr—Mo-Ti steel selected from the foregoing systematic study 
are outlined in relation to those of 2}°,, Cr—Mo ferritic. and 18/12/1 


austenitic creep-resisting steels. 1163 


work on intermediate chromium steels. The second 
and third parts present respectively the structural 
aspects and the properties of a series of fully ferritic 
experimental steels, together with those of one steel 
of a composition formulated from the experimental 
work. 


Part I—PRELIMINARY DEVELOPMENT 
WORK 

For reasons already stated, 7°, chromium was taken 
as the base composition and the effects of molybdenum 
and aluminium were investigated on the low-deforma- 
tion creep behaviour (3 tons/in? at 620°C), using 
steels of two carbon levels (0:04-0-06°% and 0-11- 
0-13%). It was shown that: 

(i) In the absence of aluminium, there was a marked 
increase in creep strength when the molybdenum 
content was increased up to 3°, 

(ii) The effect of increasing the aluminium content up 
to 0:74°, in steels containing 3°, molybdenum 





Manuscript received 19th May, 1955. 

Mr. Gemmill, formerly with the United Steel Com- 
panies Ltd., is now with the Central Electricity Authority; 
the other authors are with the Research and Development 
Department of the United Steel Companies Ltd. 
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RECIPROCAL OF PLASTIC STRAIN AT SOOh 


Fig. 1— 
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AUSTENITE AT 950°C, %o 


Fig. 1—Effect of constitution on the creep strength of 
7°, Cr base steels 






) 950°C, A.C. 


{c) 1150°C, A.C, 


indicated that optimum creep strength could be 
obtained with an aluminium content of 0-5 


(iii) With base composition 7°% Cr, 3°%4 Mo, 0-5 
Al, the effect of increasing the carbon content 
from 0:04% to 0O-11-0°13% was to cause a 


marked decrease in creep resistance. 

The constitution of the steels at 950° and 1050° C 
was determined microscopically. Most of the steels 
were in the two-phase region (a + y) at both solution 
treatment temperatures. The effect of both molyb- 
denum and aluminium was to increase the amount of 
ferrite relative to austenite at the solution tempera- 
tures. Aluminium was the more potent in this respect 
at the lower carbon levels, but of a similar order to 
molybdenum at the higher carbon levels. The main 
structural differences due to the carbon content was 
the amount of carbide out of solution at 950° C; the 
lower-C steels showed little undissolved carbide, whilst 
the higher-C steels contained considerable amounts. 

A marked correlation was obtained between the 
creep strength and the constitution of these steels: 
the greater the amount of ferrite in the structure the 
higher the creep resistance (Fig. 1). A more detailed 
study of this feature revealed that it was the quasi- 
viscous or secondary creep component of the deforma- 
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Microstructures of 7% Cr, 3% Mo, 4°, Al, steel x 250 
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(a) 1050° C, A.C., 30 h, 650° C 
Fig. 3—7% Cr, 3% Mo, 4 


tion which was reduced, and only when some carbide 
was out of solution was the transient component 
affected, carbide out of solution being beneficial. A 
possible explanation for the strengthening due to 
increased amounts of ferrite might be found in the 
fact that carbide precipitation during testing mainly 
took place in the ferrite and if it is assumed that 
precipitation of carbide reduces the quasi-viscous 
flow, then the less austenite, the lower the quasi- 
viscous creep. On the other hand, the transformed 
austenite consists of very fine-grained acicular 
products, and as quasi-viscous flow is said to be mainly 
grain-boundary flow, the effect may also be partly 
a result of the fine grain of the transformed austenite. 
It thus appeared that: 

(i) A steel of composition 7% Cr, 3°, Mo, 4% Al 
revealed promising high-temperature strength and 
therefore merited further examination 

(ii) Further work should be aimed to examine fully 
ferritic materials in which a carbide precipitation 
would occur during creep testing or service at 
temperature. 

The Metallurgy of a 7°, Cr, 3°, Mo, 4°, Al, Steel 

On the basis of the foregoing work a cast of steel 
(No. A.13176) was made to the following analysis: 
0-06% C, 0-46% Mn, 0-39% Si, 7-20% Cr, 3-40% 
Mo, 0°52 Al. 


Constitution 

The constitution of the steel was determined over 
the temperature range 950-1250° C, the results show- 
ing that whilst the steel lay within the (a + y) field 
over most of this range, at 1250° C it became wholly 
ferritic. Typical microstructures are shown in Figs. 
2a-d. The austenite at temperature formed martensite 
on subsequent cooling. The feathery constituent in 
Fig. 2d is martensite formed from acicular austenite 
which precipitated as a semi-Widmannstatten struc- 
ture on cooling from the fully ferritic condition 
(1250° C) through the y loop. 
The Effect of Tempering 

Tempering treatments at 650° and 750° C revealed 
that the mode of precipitation of carbide was entirely 
different at these two temperatures. At 650°C, a 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


124 GEMMILL ET AL.: CREEP-RESISTING STEELS FOR POWER PLANT 





(b) 1050° C, A.C., 10 h, 750°C x 750 


% Al, steel; effect of tempering on the microstructure 


dense precipitate of M,C type of carbide formed 
preferentially around the prior austenite areas, the 
dispersion being very fine and dense (Fig. 3a). On 
the other hand, tempering at 750°C resulted in a 
very coarse precipitation of the same carbide in the 
ferrite (Fig. 3b), with no localized precipitation around 
the prior austenite. 

The degree of hardening caused by the localized 
precipitation at 650° C was followed by micro-hard- 
ness determinations, typical behaviour being shown 
in Fig. 4. It will be noted that the steel hardens more 
fully in the locality of the austenite/ferrite interface. 

X-ray analyses of electrolytically extracted residues 
indicated that the carbide at the solution temperature 
was of the /,,C, type, but that precipitated at 650 
and 750°C was of the type ,C. It also appeared 
that reversion of M,,C, to M,C took place at the 
lower temperatures. 

High-temperature Properties 

The effects of solution temperatures of 950° and 
1050° C, followed by the effect of tempering for 30 h 
at 650° C, were investigated. Increasing the solution 
temperature from 950° to 1050°C resulted in an 
increase in rupture life under a stress of 7-0 tons/in* 
at 625° C from 640 to 3870 h. In both cases, tempering 
at 650° C approximately halved the rupture life of 
the solution-treated specimens. 

The conclusions drawn from this rather limited 
investigation were that: 

(i) Better rupture properties were obtained by having 

as complete solution of carbide as possible 

(ii) The sluggish nature of the (y — a) transformation 

in a steel of this type might lead to practical heat- 
treatment difficulties 

(iii) It was desirable to cause precipitation during 

service (or testing), rather than prior to it. 

This latter conclusion lends weight to the results 
obtained on the initial series of steels, which indicated 
that such behaviour was desirable in a fully ferritic 
steel. 

Following up the very strong indications that a 
precipitation hardening fully ferritic steel was 
desirable, it was clear that a more potent. ferrite- 
forming element would have to be introduced, since 
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Fig. 4—7% Cr, 3°, Mo, 3°, Al, steel; localized precipita- 
tion hardening characteristics. Hardness of ferrite 








optimum creep resistance had been obtained with 
0-5°% aluminium and it was not deemed economical 
to increase the molybdenum content. Titanium was 
selected because of its powerful ferrite-forming ten- 
dency, the aluminium now being thought unnecessary. 
At the same time it was decided to determine whether 
any benefit could be obtained by increasing the 
chromium content, and if so whether any reduction 
in the molybdenum content could then be tolerated. 

A series of steels was made with these objectives 
in view, and tested under rupture conditions (11-0 
tons/in? at 625° C). The results shown in Fig. 5 clearly 
indicate that no benefits were to be gained by modifi- 
cations to either the chromium or molybdenum con- 
tents. It was decided, therefore, to base the composi- 
tion of the steel upon 8% Cr and 3% Mo, with 
sufficient titanium to make the steel fully ferritic, and 
to investigate such a type of steel in detail. 


Part I—STRUCTURAL AND THEORETICAL 
ASPECTS 

The structural studies which are to be described 
in this section were carried out upon a further series 
of 39 experimental steels detailed in Table I, with the 
object of examining their constitution in relation to 
their high temperature properties. The more technical 
and practical features of one selected composition are 
considered in the third part of the paper. 

EXPERIMENTAL PROCEDURE 

The preliminary investigation already discussed in 

Part I led to the choice of a 7%4-8% Cr, 3° Mo base 
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Fig. 5—Effect of Mo and Cr content on rupture strength 
of fully ferritic steels. Heat-treatment 1050° C, 
4h, A.C. Test conditions 11 tons/in? at 625° C 
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commercial casts is given in Part III of the Paper 


| The chemical analysis of two 











CREEP-RESISTING STEELS FOR POWER PLANT 


GEMMILL £T AL.: 


i) 
N 
= 


= = in . h- -)* wan WT el 4 ~—-— = Y M oS ae? 6 pee: e ~ .  -ae ee  e eeeee  -| aan 
= we rr et ; nm op Lio My Sa N2MeyGQs “giao MHP En ease- gest oss w 
Ae i i! A a ae Oe Se Re De SS wm 6 BBSOO SSYwns ap 0 Rea gt Qk re} 
. v Mt ’ 4 = BwO SV FOS - SS a6 S8a80° Mevonmxnsg sane Th me By ‘ed 
= an aemeagVRagarsts SoOomom s2a8So5R2s moca 
ae Oa 2 Sh b.e.mM oS ea Sosee se Ste So Bass 8) 
SsS ate eacatani= & 2 yo) ~ ll eli Le a Se RC ae ee fe) 
OF eS Se Ome Sess 6 = 
OF Se om OFM PS aS = 
wo 
wo 
a 
co 
M 40 GN Suyuyeju0s 11 %a4 ‘T wi 
(aseyd saaeq) 19g 1 a 
"OW aPIqIeD = W o 
$3S9} Susuapsiey-93e Joy SaUIT) SuyAIVA 10J po}vay 919M Satdures DH .9G¢ + O 
Ajuo [eotdodsosd;U VSTMI9yIO !uUOFeU;WeXxe [BoIdoOJsOI1D;UI puB ABI-X YIOG SITTUSIS , re) 


11am“ 


ase] ] ‘uIntTpeu tu ‘{]yeurs S {[[8 1OJ 99B1} = 4} :SjuNOWY * 


$}UININSUOD 194}0 JO SjuNOUIB paiINndsqgo saUIWaWIOS 3nq ‘jueseid A]]e19Ua3 DOLL * 
sv juaseid Ajjesou0S as19M , aseyd q , puB NEL $X]sjeUr o}f119J-0 ay} py saydures [Ty * 


id 
Ajuo sasvyd pajzeydioo1d pus ‘OqN ‘ORL SAIS 2148) PULL ’¢ 
z 
if 


:S9}0N puv Aay 

















u | M M uM M M M M uM M uM uM uM 
Re } 487 | 437 | 437 | 497 M 437 uM a a a |) an 7 I A | M |42%L‘D.089 
O(A‘M‘AN‘EL) | }*ORL |) ORL | ORL | ORL | ORL OCA‘EL) DUM‘RL) | *O(QN‘RL) | O(QN‘'RL) = O(RL'GN) | O(RL'GN) | «O(QN‘RL) |) OGN |) O(ERL'GN) | ORL + D OS01 
| 0M 43M 43M aM 40M 41M 
a ee 7 1 7 uly T Py a ‘1 a a By § PS ‘1 T | 4b‘ .0g2 
*O(A‘AVAN'HL) | | ONL | ONL | sORL) OWL | ORL | D(A‘HL) O(M'RL) | sO(QN‘RL) | O(QN'RL) | sO(RL'GN) | O(RL'GN) | O(QN'RL) | DGN | O(EL‘GN) | «ORL + D 0801 
Py ae 1 a 7 7 ST | 1 ‘I ‘1 ‘1 ‘1 ‘1 ‘1 a ‘1 7 | 4S ‘Doss 
O(A‘AMGN'EL) | *ORL | ORL | ORL | ORL | ONL | O(A‘RL) DO(M‘RL) | O(QN'RL) | O(QN‘RL) | O(KL'GN) | O(RL‘GN) | sO(QN‘RL) |*DQN | O(KL'GN) | ORL + D .OS01 
| ! 
Ph ee 7 |.4ee | ah | 88 ST us /T a wea | tm | wa 3.7 LT LI wT | 41 ‘Dd .0S6 
#O(A‘M‘GN'EL) ORL | ORL | ORL | ORL | ORL | DAL) O(M'EL) | sO(QN‘RL) | O(QN‘RL) | O(RE'GN) | O(KL'GN) | O(GN'RL) | OGN | O(KL‘'GN) | ONL | + 9.0901 
| | ‘O'0 
Pe) ae ‘T, : 407) 437) 437 427 437 ‘7 ‘T | Pe i | 43,7 43.7 rh ‘1 ‘uyur O¢ 
*O(A'MGN'EL) | sO(QN‘RL) (*+O(QN‘RL) ORL | sORL ORL «ORL ORL) «D(A‘'RE) | «O(AMRL) | #O(QN‘RL) | 4O(QN‘RL) | #D(EL‘QN) | *O(RL‘GN) | sO(QN‘RL) | *#OQN | «O(RL'QN) | sOhL ‘DO .OSOT 
' \ | | { | 
| | | 
6€ | se Le 9¢ | ge re ef ze 1€ oe 67 | 8z Lz 97 sz 7 £7 wz ‘ON [9233S 
| | 
M 
M M M 7 1M 1M M 49 .0¢¢ 
ORL OLL OL ORL OL OL *OhL D .0sor 
M M 1M uM | : 
| uM M M M M M 7 I | 7 7 1M 1M 1M 1M M uM | 47%L‘D.089 
OLL DLL ORL *OhL OLL *+OhL *OLL *OLL *OLL *OLL *OLL *OhL OL OLL DEL ORL + D .0SOr 
| | 43M 43M 43M 41M 43M 43M | 
| | ds 7 7 ST ST ST 7 7 1 7 1 1 7 7 7 ST UFT‘D .0SZ 
OLL *OhL ORL OL DLL +OLL *OhL *OLL ORL *OLL sOLL | ORL OL DEL OL sOKL | + 9.0801 
| T 7 a 437 437 1T 1T 1T 1T 1T IT uy ST ST 437 4 ¢ ‘D .0S8 
OL *OhL ORL *OLL ORL DEL *OhL *OLL *OEL ORL *OLL sOLL OL DOLL *OLL *OLL + D.0SOr 
| uy ST] ST 17 i wy ST ST 41 ‘D .0S6 
OLL *OhL *ORL DEL ORL ORL *ORL *ORL ORL ORL *+OhL DOLL DOLL DOLL OL *ORL + D.OSOr 
‘oo 
7 7 i! ST ‘ul o¢ 
eOKL | sORL | eORL | sORL *OLL *ORL *OL *OhL *OLL *+OhL *ORL *OLL *OLL DOLL sOHL | +OLL ‘D 0ST 
| | ‘O'O 
A us 1 s us s s ‘UU 0Z 
DOLL ORL *ORL +OLL OL DOLL sORL | *OL ORL | ON ORL OLL OL ‘D OST 
| 
w | o 61 81 LI 91 SI a zi a or 6 L 9 ¢ r € z 1 ‘ON [23S 








NOILLVNINVXG AVU-X GNV TVOIGODSOUDIN Ad GANINUALAG SASVHd GALV.LIdIOdUd—STAALS AO NOILLALILSNOD 
II 91981 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





GEMMILL £T AL.: CREEP-RESISTING STEELS FOR POWER PLANT i yy ¥ 
(a) Steel 11 (3-17% Ti) $ h, 1150° C, 0.Q. (c) Steel 11 (3-179 Ti) $ h, 1050° C, A.C 
Ti 15 h, 750° C, A.C. (a + Fe,Ti) 


(b) Steel 11 (3-17% Ti) $ h, 1050°C, A.C. 
(a + Fe-Ti) Ti 


(a + Fe,Ti) 
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(d) Steel 10 (2-08% Ti) § h, 1050° C, A.C.; 15 h, 
750° C, A.C. (a + FegTi + Wo3 Cs) 


composition. From this starting point the preliminary 
work had indicated the desirability of investigating 
thoroughly the effect of titanium, and to a more 
limited degree the effect of certain other elements. 
The chemical analyses of all the experimental steels 
covered in the present study are recorded in Table I. 
These steels are grouped together according to the 
various elements whose composition was varied in 
turn. An attempt to assess the effect of additions or 
substitutions of the other elements indicated accounts 
for the remaining steels. 

The experimental work employed the following 
methods: 

(a) Microscopical examination of specimens after 
solution treatments at 1150° and 1050°C and after 
reheating treatments subsequent to solution at 
1050° C. The reheating temperatures were 550°, 650°, 
750°, 850°, and 950° C. It was not considered necessary 
to carry out detailed examination of all the steels in 
all these conditions of heat-treatment. 

Standard methods of preparation were used except 
that in the later part of the work diamond-polishing 
became available, enabling much better retention of 
the hard particles | Etching methods were also 
standard, Vilella’s HCl-picral reagent being found 
very suitable The very fine degree of dispersion of 
some of the carbides and compounds formed at low 
temperatures rendered complete identification by 
etching impossible and more attention was given to the 
form and dispersion of the precipitates. 

(6) Hardness determinations were carried out on 
all specimens in the conditions of heat-treatment 
described above, and on certain steels precipitation 
hardening characteristics were determined at tem- 
peratures of 550°, 650°, 750°, 850°, and 950° C 
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(e) Steel 15 (0-989 — Ti) $ h, 1050°C, A.C.; 
74h 750°C, A.C. (a + MasC,) 


Fig. 6—Selection of microstructures of 8°, Cr-Mo-Ti steels (see Table II). 
amounts of TiC, TiN, and ‘ Y phase’ 





ay « 
Sud 





(f) Steel 10 (2-089 Ti):} h, 1050° C, A.C.: 74h 
650° C, A.C. (a + Fe,Ti + M.,C€,) 


All samples contain small 
750 


(c) The X-ray analysis of the steels involved two 
complementary techniques: 

(i) lattice parameter measurements were made 
using a back-reflection technique and solid specimens 
from a suitable selection of the steels were examined 
by this method in different conditions of heat- 
treatment: 

(ii) the identification by powder photographs of 
the constituents present in residues separated from 
selected specimens by electrolytic solution (electro- 
lyte used was a saturated ferric-chloride solution). 

RESULTS 

The phases present in each steel after the standard 
conditions of heat-treatment described previously are 
listed in Table II. X-ray examination was confined 
to a selection of the steels and the data so obtained 
are indicated for these cases in the Table. In the 
other cases the phases were determined by micro- 
scopical examination only. A selection of microstruc- 
tures is illustrated in Fig. 6. The following observa- 
tions relating to the occurrence of the various con- 
stituents will help to clarify subsequent discussion. 
Constituents Present 
Titanium Carbide (TiC) 

This phase is present at all temperatures between 
1150° C and 550° C. There was some evidence that 
amounts at the lower temperatures were in excess of 
equilibrium requirements and slight re-solution might 
occur. As previously noted* * this constituent 
appears to form a solid solution with TiN, but only to 
a limited extent. Similarly the TiN phase does not 
appear to have dissolved much TiC, under the con- 
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Table III 


X-RAY POWDER DIFFRACTION DATA FOR TWO 
CONSTITUENTS 
(a) ‘Y Phase’ 
Analysis unknown but believed to be a second nitride 
of titanium. 








Provisional Unit Cell: Hexagonal a = 3-206 A 
e=11-19 A 
c/a = 3-49 
Interplanar Spacings, A 
Intensity* —©§£— ——____—____ “oe 
Observed Calculated | 
w 2-788 2-977 1010 
s 2-230 2-227 1013 
vvw 1.977 1.971 1014 
w 1-870 1.871 0006 
vvw 1.740 1.743 1015 
m 1-603 1-603 1120 
w 1.550 1.548 1016 
vw 1.385 1.387 2020, 1017 
m+ 1.303 1-302 2023 
wm 1.214 1.215 1126 
w 1-135 1.134 | 1019 
vvwt 1.047 1-045 2131 
wm 1.0096 1.0103 2133 
vw 0.9547 0-9550 10111 
vw 0.9493 0.9502 1235 
w 0.9264 0.9262 2029 
w+ft 0.9249 0.9257 3030 
vwt 0.9142 0.9133 3032 











*s = strong, w = weak, m = medium, vw = very weak, etc. 
+ These lines may be overlapped by lines of another constituent 


ditions pertaining to these steels. Hence, although 
complete mutual solubility has been demonstrated 
for these phases in isolation,+ the existence of two 
separate phases is quite general in steels containing Ti. 

The TiC constituent does not play an important 
part in determining the properties or behaviour of the 
type of steel under investigation. A typical value of 
the lattice parameter for this constituent is 4-329 A, 
similar to published values.” * In steels containing 
niobium, this cubic carbide was replaced by NbC 
which contained a small amount of TiC in solid solu- 
tion (lattice parameter 4-431 A). The other carbide- 
forming elements, especially vanadium, may dissolve 
partially in TiC. 

Titanium Nitride (TiN) 

This constituent was present at all temperatures, 
but showed signs of beginning to dissolve in the matrix 
at 1150°C. Its presence at lower temperatures was 
masked by the considerable quantities of other 
constituents. In general TiN may be regarded as a 
non-metallic inclusion. A typical lattice parameter is 
4-254 A. Similar values have been obtained for this 
constituent in other steels.” ° 
“Y Phase’ 

This phase is believed to be a second nitride of 
titanium, but its identity has not been fully estab- 
lished. In previous work by the authors (unpublished) 
with a number of different types of steel containing 
titanium, there could be varying amounts of particles 
visible under the microscope of the kind which are 
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(b) Laves Phase based on Fe,Ti 

Unit Cell: Hexagonal 

(1) (a) Steel 11 after 5 h at 850°C; (6b) Steel 24 after 
1050° C (oil-quenched) 

(2) Chemical analysis of (a) indicates a composition 
AB, in which A = Ti about } of which is replaced by Mo, 
B = Fe about } of which is replaced by Cr and Si; 
i.e. formula based on Fe,Ti with solid solution—approx. 
(Ti,»Mo,,)(Fe;9Cr,Si,): cf. formula of VerSnyder and 
Beattie*—(Ti,,Mo,) (Fe, Cr,Si;). 

















(a) Near to Fe,Ti: (6) Fe,(Ti, Nb): 
a= 4-766A a=4:795A 
c=7-759A c=7-816A | 
c/a = 1-628 c/a = 1-630 | 
InterplanarSpacing, Interplanar Spacing, | 
i | 
Meet | Ht Pee aes 
Observed Calculated Observed Calculated| 
1012 (28267) vvw  2-8107 2-8458 
1120 m 2-3600 2-3828 m 2-3757 2-3973 
1013 ms 21694 2-1915 s 2-1862 2-2068 
2020 vw | 2:0426 2-0635 (2-0761) | 
1122 s 2-125 2-0303 s 2-0263 2-0435 
2021 s 1-9778 1-9943 ms 11-9890 2:0065 | 
0004 wm 11-9228 1-9397 w 1-9407 1-9539 
2022 wm | 1:8065 1-8219 vw 1-8124 1-8335 | 
1014 wm | 1-7443 1-7555 w 1-7530 1-7680 | 
2131 vyw 11-5209 11-5293 (1-5387) | 
1015 w 1-4433 1:4524 wm 1-4554 1-4629 
3030 w 1-3685 1:3757. wm _ 1-3784 1-3841 | 
2133 ms 1-3294 1-3358 ms 1-3396 1-3443 
0006. = ms | 1-2909 £1-2931 ms _ 1-2995 £1-3026 
30325 L1-2966 ‘L4-3047 
2025 | ms__ 1-2356 1:24022 ms _ 1:2454 1-2491 
3033 wm | 1-2118 | £1-2145 w 1-2207 -_ 
2134 Li-2156 1-2236 
2240 ms 11-1879 1:1914 ms _ 1-1956 1-1986 
1126 (1-1366) | vww 11-1413 1-1445 
2135 w 1:0995 1-1000 (1-1074) 
2026 m 1:0934 £1-0958 ms 1-1031 [1-1033 
3142 ‘U1 -0980 U1 -1046 
1017 vw 1-0688 1:0706 | vw 1-0767 1-0783 
3143 s 1-0449 1-0467 s 1-0517 1-0532 
4040 (1:0319) | vw 1-0374 1-0381 
4041 m 1-0247 1-0229 m 1-0276 1-0291 
2244 m 1-0139 1-0152 m 1-0202 1:0218 
2136 w 0-9950 0:9955 wm _ 1-0012 1-0023 
3144 w 0-9853 0-9858 (0-9921) 
2027 w 0-9753 0:9765 (0-9834) 
1018 wm = 0.9437 0-9441 m 09505 0-9510 
3145 wm = 0-9211 09212 m 0:9269 0-9272 
2137 w 0-9098 0 -9098 
4150 ms  0-9062 60-9061 
+ Intensities as in Table IIIa 
generally described as titanium nitride. X-ray 


examination showed that these could be justifiably 
represented by TiN + Y phase. It is believed that 
Y phase is either another modification of TiN or a 
nitride of different composition. It is also considered 
that Y phase can now be differentiated from TiN 
by its form and appearance under the microscope. 

Unfortunately it has not been possible to obtain a 
residue containing only Y phase so that its identity 
could be fully established by chemical analysis. On 
the supposition that it is a nitride, attempts have been 
made to synthesize it; these have been unsuccessful. 
The interplanar spacings and a tentative hexagonal 
unit cell are given in Table IIla. 
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73 2 0 By PR - ‘a . from a steel containing titanium, and 
8 | pe ¥ F ¥ go, | A> 2 : the second from a steel containing 
’ <9 © . . ‘ . . . 
| S 2 q os eC iy ARPS ef niobium. Chemical analysis is 
a6 j - 0 f " = .%a . appended for the first but not for the 
<5 | ; 0 ‘ ; Q “ appended for the fir: itn rth 
39 | Mies 0 : wee Fonte oA WO f : second, as the latter sample con- 
35 | ; ‘ oe CNR ores re tained other constituents. The 
«ad ha hadtire 3 Moe Reale t QD) A difference in lattice parameter indi- 
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Fig. 8—Modes of occurrence of the carbide M,,C, 750 
956 
OCTOBER, 1956 JOURNAL OF THE IRON AND STEEL INSTITUTE 
B 











130 GEMMILL £7 AL,: CREEP-RESISTING STEELS FOR POWER PLANT 






























































16 | | ° 
‘ wae 
14 oie C EP 
+ 850 ay Z\g 
12 “950.” 4 Or — 
© 10SC™ yy, 
| ‘at Wa 
8 | vo EAR ° 
6 LY B24 Ys 9 
Wa va ie 
~o - VE, A Z a 
2 
al (a) 
wo 
vO O5 FO s 20. 25 SO 
Ti-3 
10 ! | x 
©Ti,C Cr variation / Ps 
8t—xTi,C,Nb ‘ 
+ Other elements \/ 
varied + x 
6 1 
1 
4 At f 
2|-0 ee al 4 
(b) 


























) 05.10 5 SS Yo 


KS sis 2 
. + 
Ti-3c (“Y) 
Fig. 9—Weights of residues separated for X-ray 
analysis: (a) Ti and C variation (including Nos. 16 
and 18 with Cr variation; (6) weights at 1050°C 
with effect of Nb etc. 


of VerSnyder and Beattie,® who assign the constituent 
a formula (Ti,,,Mo,) (Fe59,Cr;Si;). The composition 
of the first sample in Table IIIb is referred to in a 
footnote. It is similar, but not identical with the 
composition indicated by VerSnyder and Beattie.* 
The Carbide M,,C , (The ‘ x’ Carbide) 

This carbide—(Cr, Fe, Mo).,C, (with Cr/Fe approxi- 
mately 2 : 1)—was stable at the lower temperatures 
of 550-750° C where it precipitated freely. It usually 
appeared in a plate-like form as indicated by the 
broadened X-ray reflections for certain sets of planes. 
By microscopical examination it was shown that this 
constituent precipitated in three main forms: 

(i) A general precipitation throughout the grain 
accompanied by darkening of the microstructures 
(Fig. Sa) 

(ii) Regular arrays of particles within the grains 
(Fig. 8b) 

(iii) Precipitation along sub-grain boundaries (Fig. 8c). 

The carbide redissolved rapidly on reheating to 
1050° C or above. 

In addition to the identification of these con- 
stituents by microscopical examination and X-ray 
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residue analysis, an indication of the total amount of 


precipitated phases, and minor constituents (TiN, }, 
and TiC) was obtained. The weights of residues were 
determined as a percentage of the metal dissolved. 
The results are plotted graphically in Fig. 9. The 
quantity Ti-3C, or ‘effective titanium content,’ is 
used in this and subsequent diagrams. (The choice 
of the factor of 3 is explained.) 

In Fig. 9a the points refer to steels with Ti and ( 
varied, but includes Nos. 16-18 which contained 
somewhat higher Cr percentages. There is an increas- 
ing bulk of residue with higher titanium or ‘ effective 
titanium ’ content and increasing weight of residue 
at lower temperatures. The difference at the highest 
Ti content between 1050° and 1150° C arises from the 
Fe,Ti which is still out of solution at 1050°C. In 
Fig. 96, the 1050° C results are repeated with the data 
for the steels containing niobium (denoted by X) and 
other elements (denoted by +). Whereas the other 
elements do not appear to have much effect at 
1050°C, the niobium has increased the bulk of 
residue. To allow for the fact that the atomic weight 
of Nb is roughly twice that of Ti, the ‘ effective Ti 
contents ’ have been taken as Ti + (Nb/2) — 3C for 
these steels. Whatever method is used to allow for 
the carbide-forming tendency of Nb and its equiva- 
lence to Ti in this respect, it is still evident that there 
is a greater bulk of residue. The authors attribute 
this to the fact that in every case at 1050°C, 
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Fe, (Nb,Ti) is left out of solution. Hence it is 
probably true to say that the Laves phase containing 
Nb has a lower solubility in the matrix. 

Lattice Parameter Measurements 

The results of the lattice parameter measurements 
on the ferrite matrix are shown in Fig. 10. 
The decrease in lattice parameter over the range 
1150-750° C must be associated with decreasing 
solubility for the Laves phase (‘ Fe,Ti’) with de- 
creasing temperature. A further drop in parameter 
below 750° C is mainly the result of precipitation of 

‘ 

M,C. 
Hardness Measurements 

The general hardness measurements are not 
reported in full, but it is sufficient to observe that: 

(i) Increasing solution temperature causes a slight 
increase in hardness due to increased solution of the 
titanium compound Fe,Ti and to a lesser degree TiC 
(and TiN). 

(ii) The precipitation of Fe,Ti results in a slight 
decrease in hardness, indicating that although Fe,Ti 
forms a plate-like precipitate the softening of the 
matrix, by removal of Ti, more than compensates for 
any precipitation hardening 

(iii) The precipitation of 17,,C, causes a considerable 
increase in hardness and is therefore an age-hardening 
constituent in this type of steel. In contrast with 
Fe,Ti the amount of hardening must considerably 
exceed any softening tendency due to depletion of the 
solid solution concentration of alloy elements in the 
matrix. 

A fuller investigation of precipitation-hardening 
characteristics showed how the effects of the two 
precipitants could be separated and assessed. Typical 
precipitation-hardening curves for one of the steels 
are shown in Fig. 11. In order to compare different 
steels, the maximum hardness change, the time for 
start of hardening, and the time to attain the maxi- 
mum hardness were derived from each set of curves. 
The quantity AHmax. when plotted against titanium 
content for 550°, 650°, and 750° C gives, as in Fig. 12, 
a series of curves which show how there is a maximum 
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Fig. 12—Age-hardening data 


increase in hardness at a titanium content which 
increases as the ageing temperature decreases. A 
higher level of hardness is reached at lower ageing 
temperature. 
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Fig. 11—Precipitation hardening curves, Steel 6 
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In the precipitation-hardening range there is an 
incubation period represented by t, before which any 
appreciable hardening can be detected. These times 
are plotted against effective titanium content in 
Fig. 13. Increasing titanium lowers the time ft) to a 
minimum beyond which further titanium additions 
do not result in an acceleration, but a slight retarda- 
tion of the process. The time to maximum hardness 
shows a similar trend. 

Effect of Rates of Cooling and Isothermal Heating on 
Precipitation Behaviour 

Further information was gained about the precipita- 
tion behaviour of the two main precipitants, by 
cooling experiments and isothermal treatment of a 
commercial cast, the composition of which was based 
upon No. 6 in Table I. (Exact analysis: 0-07% C, 
0-53% Mn, 0-85% Si, 0:035% S, 0:021% P, 
0-19% Ni, 8-42% Cr, 2-89% Mo, 1-18% Ti.) 

The results of the isothermal heating experiments 
are summarized in Fig. 14 which shows the times at 
different temperatures for the commencement of 
precipitation of Fe,Ti and M,,C,. The curve for the 
intermetallic compound completely hides the curve 
for M,,C, from the point of view of continuous cooling 
from temperatures above 950° C, with the result that 
although Fe,Ti can form on continuous cooling, 
M,,C, does not. 

The critical rate of cooling at which Fe,Ti precipi- 
tates was also determined by plotting the amount of 
Fe,Ti against rate of cooling as in Fig. 15. The 
critical rate is about 100° C/min measured over the 
range 1000-600° C. 

Effect of Prior Structure on Creep Properties 

To examine the effect of the precipitants upon the 

high-temperature strength, tests were carried out upon 
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specimens of the commercial cast already referred 
to which had been heat-treated to produce different 
prior structures. The results are summarized in 
Table IV where the heat-treatment given is indicated, 
followed by the structure. The last column gives the 
time to rupture under a stress of 11 tons/in? at 625° C. 

The data in Table IV clearly indicate the detri- 
mental effect of starting with a structure containing 
Fe,Ti and emphasize the beneficial effects of the ‘ x’ 
carbide, showing that optimum rupture strength is 
favoured by some pre-precipitation of this phase at 
a temperature (550° C) lower than the testing tem- 
perature (625°C). The reason for the effect of Fe,Ti 
is undoubtedly associated with a reduction in the 
solid solution strength. The beneficial effect of prior 
precipitation of carbide is presumably a result of a 
reduced tendency to over-ageing at the higher testing 
temperature by the finer dispersion of the pre- 
precipitated carbide particles. The somewhat lower 
ductility that accompanies this condition may, how- 
ever, be considered to offset the increase in rupture 
time, whilst the best compromise is probably achieved 
by starting with a completely solution-treated con- 
dition and allowing the precipitate to form at the 
temperature of service. 

INTERPRETATION AND DISCUSSION OF 
RESULTS* 
The Presence of TiN, TiC, and Y Phase 

The three constituents, TiC, TiN, and * Y phase’ 
are present in all specimens and play only a minor 
role in the reactions affecting the properties of the 
material. TiN and‘ Y phase ’ may be regarded simply 
as non-metallic inclusions. TiC on the other hand 
does probably play a small part in that it may 
dissolve at lower temperatures if the carbon and/or 
titanium concentrations of the matrix are reduced 
considerably below equilibrium values. 

In the present work a consistent interpretation of 
the structure and properties of these materials with 
respect to variations in composition has been achieved 
by the use of an ‘ effective titanium content ’ derived 





* To interpret more clearly the salient features of this 
work, the discussion of the results has been grouped 
under appropriate headings. 
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Fig. 14—Effect of isothermal treatment on precipitation 
of Fe,Ti and M,,C, 
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by subtraction of three times the carbon content from 
the titanium. This accounts for the fact that the solid- 
solution titanium is reduced by carbon, yet all the 
carbon is never combined as TiC, thereby leaving 
some in solution available for subsequent precipita- 
tion of M,,C,. 

Co-existence of TiC and M,,C, 

The occurrence of these two carbides implies that 
titanium is only partially effective as a ‘ carbide 
stabilizer.’ This accords with previous experience in 
the authors’ laboratory. 

It is interesting to consider how TiC and M,,C, 
can co-exist at certain temperatures. Figure 16 shows 
diagrams in which V/,,C, is represented by (Cr,Fe),3C , 
which in the present series of steels contains Mo in 
solid solution. In a multi-component system equi- 
librium can readily involve three or more phases. 
Figure 16a is a triangle representing part of a complex 
phase diagram, e.g. it might have been cut out of 
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Fig. 15—Effect of rate of cooling on precipitation of 
Fe, Ti 


and TiC. It will be appreciated that in the full phase 
diagram the line cd lies on a surface extending above 
and below the plane in question and the point e 
becomes a line on this surface (cutting cd in e). The 
physical meaning of cd is that it represents the 


the system Fe-Cr-Ti-C. This triangle shows how 


equilibrium is maintained between iron, (Cr,Fe),,C., 


Table IV 


solubility of TiC and (Cr,Fe),( 


‘, in a-iron or alterna- 











EFFECT OF PRIOR STRUCTURE ON RUPTURE STRENGTH (COMMERCIAL CAST (0-07°. GC, 1-18°, Ti 
Creep tested at 11 tons/in® at 625°C 
X-Ray Residue Analysis Rupture Test Data 
Initial Heat- Before Microstructure: Hardness | 
treatment or General Description Phases Present and Wt.-°% H), 30 Time to Elonga- Reduction 
After Relative Amounts of Rupture, tion, in Area, 
Test Residue h 1 in. , | 
1. 1050° C, $ h, A.C, Before a+ TiC + Y phase (andor TiC(medium +) + Y phase 3-11 187 
TiN) + trace of precipi- (med, — amount) 
tate) 
After As above + heavy carbide | TiC (med. +), Y (small) + 4:27 252 538 11-2 59-2 
precipitate M,,C, carbide (small) 
2. 1050°C, } h, A.C. + Before a + TiC + Y phase + Fe,Ti Fe, Ti large amount (ob- 5-65 188 
5 h, 850°C, A.C. at grain boundaries and scures presence of TiC 
in plate form 
After As above + M,,C, precipi- As above + trace TiC + 4:93 221 19 24:7 74:3 
tate. (Not generally as trace M,,C, 
heavy as in previous case) 
3. 1050°C, } h, A.C. + Before Similar to the previous As previous sample 6-06 185 | 
20 h, 850°C, A.C. 
After + very slight general car- Insufficient M,,C, to detect 4:84 216 18 22:2 72:7 | 
bide precipitate 
4. 1050°C, } h, A.C. + Before TiC + Y+Fe,Ti-+ possible Fe,Ti med. amount, TiC 4:59 200 
1 h, 750°C M,,C, trace med. | 
After As above + carbide preci- As before but some M,,C, 5-88 225 23 29-4 78-0 
pitate heavy in patches now present | 
| 
| 
5. 1050° C, 4 h, A.C Before Similar to 1 h sample Fe,Ti large amount (TiC 6:74 190 | 
100 h, 750°C not detected | 
After 99 ae 99 Carbide not found in resi- 5-83 206 3 29-8 69-9 
(little if any more M,,C, due (insufficient) 
formed during creep test- | 
ing) | 
6. 1050°C, } h, A.C. + Before M,,C, at grain boundaries TiC, Y, and M,,C, (small 4-87 235 | 
72 h, 550°C and within grains not fully plates } 
precipitated 
After Heavy dense additional pre- TiC(small mediumamount) 5-38 256 651 3-1 99 
cipitate within grains 2C, in plate form 
(medium amount) 
a oe ee a 7 
7. 1050°C, + h, A.C. + Before Heavy precipitate M,;C; M,;C, med., TiC small, Y 7°57 279 | 
200 h, 550°C small | 
After * * + M,,C, med., TiC small, Y 6-53 254 895 2:8 
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(a) Temperature 7';, all carbides in solution, X = fixed composition of 
a steel now in single phase region 

(b) 7.(< 7',) TiC precipitating. X now in two-phase region; lowering 
temperature shifts line ced towards Fe, and meanwhile e moves 
along cd to d 

(c) Ts(< 73). X in three-phase region and (Cr,Fe)ssC, now precipitat- 
ing 

Fig. 16—Change in equilibrium conditions leading to 
change in carbide precipitation. Part of the system 
Fe-Cr-Ti-C 


tively the solubility of carbon in an alloy ferrite. 
Assuming that Fig. 16a corresponds to a temperature 
at which for a given composition X both carbides are 
dissolved, then X lies inside the a region (shown here 
in the plane of the diagram). At lower temperatures 
(Fig. 16b) the line cd has moved towards the iron 
corner, so that the point X now lies in a region 
involving equilibrium between a and TiC. At lower 
temperatures, changes in the relative positions of c, 
d, and e can easily ensure that the point X is eventually 
enclosed in the three-phase region a + two carbides, 
as in Fig. 16c. This change in the equilibrium con- 
ditions could lead to some re-solution of TiC at lower 
temperatures; in fact at a sufficiently low temperature 
X might be found in the region for equilibrium between 
the matrix and M,,C, alone. 

The possibility of re-solution of TiC can also be 
approached from another angle. Thus, equilibrium 
between TiC and matrix can be affected by the 
occurrence of both M,,C, in accordance with Fig. 16 
and Fe,Ti and an interpretation in terms of solubility 
relationships is possible. For the reaction: 

Ti + C= TiC 
(matrix) (precipitate) 
the product [Ti][C] = &, may be written. The precipi- 
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tation of M,,C, could be regarded as reducing [C] in 
this equation so that more Ti and C are required in 
the matrix to restore the product to its correct value. 
Such a process would, of course, be slow at the 
temperatures involved and equilibrium would not be 
reached. 

The precipitation of Fe,Ti could likewise be 
governed by a relationship: [Fe]*[Ti] = £ or [Ti] = &,; 
when both reactions are in equilibrium [C] = 4,/k, 
= K. If after a fall in temperature Fe,Ti precipitates 
rapidly it would follow that k, has decreased rather 
markedly; now k, will also have decreased but to a 
lesser extent because the precipitation of TiC is much 
less rapid than that of Fe,Ti. If at the new tempera- 
ture the constants are k,’, k,’, and K’, it follows that 
initially [Ti] > > k,’ but —k,' as precipitation of 
Fe,Ti proceeds. The product [Ti][C] tends to become 
rapidly too low, i.e. lower than k,’. Alternatively 
[C] < K’. Hence, in spite of the fact that more TiC 
would precipitate by itself it has a tendency to partial! 
re-solution due to depletion of Ti from the matrix 
by rapid precipitation of Fe,Ti. 


Solubility of Fe,Ti and M,,C, 

From the lattice-parameter values in Fig. 10, 
it is clear that to a first approximation the lattice- 
parameter curve may be regarded as defining a 
solubility limit. The lattice parameters in the ‘ two- 
phase ’ region in Fig. 10 are approximately constant 
except at 650° C, where there is a rise towards higher 
titanium contents. This solubility limit refers to 
equilibrium between matrix and Fe,Ti from 1150 
to 750° C, but below 750° C equilibrium is with .W,,C, 
although some Fe,Ti may precipitate as well. 

The solubility data derived from Fig. 10 are given 
in Table V and by plotting the logarithm of solubility 
against the reciprocal of the absolute temperature 
(Fig. 17) it seems probable that a change in slope 
occurs corresponding to the change in precipitation 
phenomena. 

It was realised from marked differences in harden- 
ing characteristics corresponding to the two different 
precipitating phases that the temperature at which 
M,,C, began to form for a given steel could be derived 
from a graph of AHyax. against temperature. Two 
typical examples are shown in Fig. 18. The tempera- 
ture of intersection of the two slopes denoted the 
maximum temperature of formation of W,,C,. 

The results from the combined X-ray and hardness 
data are summarized in the constitutional diagram in 
Fig. 19. From this diagram it is apparent that the 








Table V 
SOLUBILITY DATA FROM FIG. 10 FOR FIG. 17 
Temp., Absolute : 10* Solubility Log 
°C Temp. T° K) T° of Fe,Ti Solubility 
650 923 10-83 */f0-10 0-00 -1 
750 1023 9.77 0.24 0-380 ,, 
850 1123 8-91 0.45 0-653 ,, 
950 1223 8-18 0-82 0-914 ,, 
1050 1323 7-56 1-55 1-190 ,, 
1150 1423 7-03 2-85 1.455 ,, 











* Equilibrium also involves M,;C, 
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Fe.Ti precipitation 
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Ie, 
LOG SOLUBILITY (MINUS |) 
Fig. 17—Plot of log solubility data (Table VIII) 


scatter of points from the hardness results is greater 
than from X-ray results, but an approximate mean 
curve is drawn to show the upper limit of M,,C, 
precipitation. In Fig. 19 matrix and TiC (+ nitride) 
co-exist in region I; region II corresponds to matrix 
and Fe,Ti as well as TiC, ete. In region III M,,C, 
is an additional phase but there is some evidence that 
this region should be rather narrow, and there is 
another boundary below which only matrix + M,,C, 
co-exist (with TiC, etc.) and no Fe,Ti is present. Thus 
reheating at 550° and 650°C of alloys containing 
Fe,Ti out of solution has been found to give evidence 
of re-solution and, in any case, this phase does not 
appear to precipitate much below 700° C. The broken 
line in Fig. 19 is intended to suggest this possible 
further subdivision of the diagram IIIb in which only 
My3C, is formed. 

A diagram such as Fig. 19 may be regarded as a 
constitutional or precipitation diagram rather than 
an equilibrium diagram. It is drawn as a plane section 
of a complex system, and it follows that the com- 
position of the matrix is not necessarily given by 
points on the curve bounding region I. It should be 
emphasized that the results of microscopical examina- 
tion and X-ray phase identification are also in com- 
plete agreement with this diagram. 

The Precipitation of M,,C, 

Not only can M,,C, be precipitated in steels con- 
taining titanium for the reasons described, but also 
the rate of formation of /,,C, appears to be more 
rapid with increasing titanium contents (see Fig. 13). 
To explain this phenomenon it is necessary to assume 
that if the ultimate amount of /,,C, is increased, 
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Fig. 18—Typical variation of AHmax. with temperature 
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the initial rate of formation will be more rapid in 
accordance with a higher degree of supersaturation. 
It appears that increasing titanium content actually 
increases this degree of supersaturation, in spite of 
the supposed affinity of titanium for carbon. That 
titanium should act in this way is suggested by the 
diagram in Fig. 19. 

The solubility of Ti in Fe is much smaller than that 
of Cr so that in considering the equilibrium between 
ferrite and M,,C,, the addition of titanium tends to 
cause the composition of the matrix to move in the 
direction shown in Fig. 20. As a result the tie lines 
between ferrite and W,,C, are cut at positions 
corresponding to increasing proportions of W,,C, 
relative to ferrite, with the observed effect upon the 
precipitation characteristics. Figure 20 in fact repre- 
sents another aspect of the multicomponent system 
of which Figs. 16 and 19 describe other features. 

Further aspects of the effect of titanium upon the 
precipitation of M,,C, may be suggested in terms of 
an activation energy Q related to the times ft, by 
the equation: 

to ke Q RT, 


Q so defined, increased with increasing titanium con- 
tent, but k decreased. Neither relationship was linear, 


Cr 
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Fig. 20—Schematic relationships in system Fe-—Cr-Ti-C 
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Table VI 
STRESS-RUPTURE RESULTS—EXPERIMENTAL STEELS 


Stress: 11 tons/in? 
Test Temperature: 625°C (1157° F) 


Bar Material 
Heat-treatment: 1050°C, } h, A.C, 








Reduction in area, °, 


Steel No. 1 2 3 4 5 6 7 8 9 10 11 
Rupture life, h 39-6 64.9 90-0 142-1 472-0 1127-2 1442-5 1625-0 1244-9 1292-4 583-5 
Elongation on 1in.,% 26-9 18.4 13-5 17-7 13-3 13-8 6-1 13-6 17.9 7-2 13-8 


81.3 83-1 80.6 80.4 72-5 66-6 32-8 70-0 76-0 32-9 63-5 
































Composition variable* Titanium 
Steel No. 12 13 14 15 16 17 18 19 20 21 22 
Rupture life, h 42-6 22-9 24-2 19.2 288-1 71-7 1012-9 20.2 108-8 108-1 1735-7 | 
Elongation on 1in.,% 20-6 20-9 21-7 24-5 12-8 22-8 15-9 21-6 20-1 20-0 5.7 | 
Reduction in area, %, 76-9 77-2 78-5 80-4 65-5 77-4 71-3 83-5 71.2 71-8 39-6 | 
Composition variable* Carbon Chromium Molybdenum and Titanium 
Steel No. 23 24 25 26 28 29 29 30 31 
| 
Rupture life, h 141.6 118-3 623-2 1030-0 893-5 95.1 96-9 1442-5 1135-0 | 
Elongation on 1 in., % 19.3 19.9 13-3 12-0 7-4 24-4 $2.2 6-1 14.2 | 
| 
Reduction in area, °, 75-3 72-5 65-3 60-0 29-0 75-4 76-2 32-8 78-8 | 
| 
Composition variable* Niobium and Titanium W and Ti _ V and Ti | 
| 
Steel No. 32 33 34 35 36 37 38 39 
Rupture life, h 43-9 278-7 381-6 85-5 104-5 17-5 46-0 446-6 | 
| 
Elongation on 1 in., % 23-7 18-1 18-6 26-1 23-6 18-6 27-7 12-3 
| 
Reduction in area, °, 81-6 80-5 75-4 75-8 77-0 82.4 77-0 52-0 
Composition variable* Cr and Ti Al and Ti Al, Mo, and Ti Nb, Mo, and Ti | Nb, V, W, and Til 














* Relative to 0:04-0-10% C, 8% Cr, 3°, Mo base composition 


but the variation shown again reflected the fact that 
higher titanium content actually favoured the 
precipitation of M,,C, by lowering the time fy in a 
regular manner (cf. Fig. 13). At the comparatively 
low temperatures at which M,,C, precipitates it 
might be expected that the diffusion of carbon would 
be the controlling factor rather than the much slower 
diffusion of alloy elements. Towards higher Ti con- 
tents the value of Q did in fact approach the value 
for diffusion of carbon. There is, however, considerable 
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doubt whether valid conclusions can be drawn on the 
amount of information available at present. 

The considerable degree of age-hardening associated 
with the precipitation of W,,C, could be due to eithe: 
dispersion hardening, i.e. hardening by numerous 
small particles embedded in the matrix, or to coherency 
hardening which is caused by the stresses at coherent 
interfaces between matrix and precipitate particles. 
The appearance of the X-ray photographs in showing 
a plate-like form of the precipitate would support the 
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view that the second type of hardening is predominant 


at least in the early stages of precipitation. Relief 


of the coherency stresses occurs in time and over- 
ageing follows as in Fig. 11. Longer times of heating 
would be expected to give coagulation of carbides and 
a more globular form. 

The possibility of coherency hardening by .W.,C, 
suggests certain crystallographic relationships. It is 
almost a matter of convention to look for similar 
layers of atoms in the respective structures. Such a 
similarity is exemplified by the well known equiva- 
lence of {111} planes in austenite with {110} planes 
in ferrite (Figs. 22a and b). In Fig. 22 similar layers 
in the structures of 17,,C, and Fe,Ti are also shown 
for comparison. Certain atoms have been purposely 
omitted in Figs. 22a and b in order to suggest the 
resemblance to the layer shown in Fig. 22c. In the 
present case precipitation is from a ferrite lattice, and 
it will be clear that there is a close similarity between 
the corresponding layers although a small angular 
adjustment and some differences in linear dimensions 
are involved. Such a diagram as Fig. 22 only repre- 
sents the starting point for a full treatment of the 
crystallography of the precipitation of these phases. 
The rapid precipitation of Fe, Ti itself, and its platelike 
mode of formation (Fig. 7a) justifies the belief that 
the crystallographic similarity is important in this 
case. (Fig. 22d.) 

Solid-solution Hardening by Titanium 


Although it is not considered necessary to report 
all of the large number of hardness measurements, 
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Fig. 21—Hardness of steels solution-treated at 1050° C 


Fig. 21 represents some of these measurements and 
draws attention to the solid-solution hardening effect 
of titanium. This diagram refers to solution treatment 
at 1050°C when most of the titanium is in solid 
solution. The trend is clearly in agreement with the 
conclusion that titanium does cause appreciable solid- 
solution hardening. Certain points which lie above th 
curve refer to the steel of highest chromium content 


FCC. y (ul) 
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Fig. 22—-Similar layers of atoms in four different crystal structures 
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Table VII—SCALING RESISTANCE 











Analysis, % Gain in Weight mg/cm’, in 500 h 
Siskin | Flue Gas Steam 
carr cc ia cae | 
Cc Mn Si Cr Mo Ti 566° C 600° C 630° C 630° C | 
(1050° F) (1112° F) (1166° F) (1166° F) 
40 0-06 0-65 8-10 3-16 | ae 7-0 10-8 13-9 14-5 | 
6 0-06 0-55 0-68 7-92 3-20 1-15 6-1 10-4 12-9 11-3 | 
8 0-04 0-60 0-56 7-60 3-10 1.39 5-8 9.9 i ye 
9 0-07 0-51 0-69 7-91 3-12 1-95 5-6 7-6 10-6 10-0 
11 0-07 0-50 0-82 8-15 3-12 3-17 4.0 7-8 9.2 8-7 
| 
1% Cr-4% Mo 0-07 0-42 0.53 0-82 0-56 10-0 34-0 32-5 | 
tube steel | 








(No. 18) and to two steels containing 1-5 and 1-8% 
aluminium respectively (Nos. 36 and 34). Thus there 
is evidence here of a small additional solid-solution 
hardening effect due to these elements. 

The atomic diameter of titanium is larger than 
that of iron by about 15%. It is thus on the 
borderline of the ‘favourable size factor’.6 Any 
titanium atoms in solid solution therefore cause a 
considerable degree of lattice strain. This is reflected 
in the higher hardness of steels in which as much 
titanium as possible is kept in solid solution by 
quenching from solution temperatures, and by the 
considerably higher mean lattice parameters of alloys 
in this condition compared with alloys in which Fe,Ti 
has been precipitated. It is also likely that a contri- 
bution to the hardness of the lattice arises from 
clustering of titanium atoms especially near to the 
solubility limit at equilibrium or with increasing 
supersaturation on quenching. 

Effect of Niobium, Tungsten, Vanadium, and Aluminium 

Table II dealing with the constitution of the alloys 
shows that the general phenomena which have been 
described are not markedly affected by the addition 
or substitution of niobium, vanadium, tungsten, or 
aluminium, within the composition limits chosen. The 
solubility limits are not affected by tungsten and 
aluminium, but the former element may enter into 
the carbide phase. Niobium does, however, have an 
effect on the solubility and composition of the Laves 
phase. It replaces some of the titanium in this phase 
and also replaces titanium in TiC—a fact which has 
been taken account of in Figs. 9 and 21. The effects 
of titanium and niobium are not simply additive on 
a weight-for-weight basis, but may be more nearly 
so on an atomic basis. It is clear, however, that the 
Laves phase containing niobium is less soluble in 
ferrite at 1050° C than the similar phase containing 
titanium without niobium. It appears that aluminium 
also tends to reduce this solubility. 

Increasing chromium up to 14% (steels 16, 17, 18) 
does not appear to alter appreciably the composition 
of the precipitated phases or their behaviour. 


Part III—MECHANICAL AND HIGH-TEM- 
PERATURE PROPERTIES 

The properties which are considered in this section 

of the paper refer, in the first instance, to stress-rupture 
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tests made upon 39 experimental steels listed in 
Table I, augmented by scaling tests made upon four 
of these steels, one further experimental 8% Cr steel, 
and a 1% Cr-}% Mo tube steel. The remainder of 
the section is concerned with tests made upon two 
casts of a steel of a composition (patent applied for) 
based on the experimental data and the metallurgical 
features discussed in Part II of this paper. 


EXPERIMENTAL STEELS 
Experimental Procedure and Results 

In assessing the high-temperature properties of 
steels it is convenient to adopt as a first step a selective 
test criterion related to the prospective industrial 
application, and to make more comprehensive tests 
upon one, or several, of the more promising steels. 
In this instance the steels detailed in Table I were 
tested to rupture at 625° C (1157° F) under a stress 
of 11 tons/in?, each of the 39 steels being in the 
1050° C, A.C. condition. The results are given in 
Table VI. 

The scaling resistance of several 8% Cr, 3°4 Mo 
steels was determined by making tests in a flue-gas 
atmosphere at 566°, 600°, and 630° C (1050°, 1112°, 
and 1166° F) and in steam at 630°C. The results of 
these tests are given in Table VII, with data for a 
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Fig. 23—7-8°%, Cr, 3% Mo, base steels; effects of C and 
Ti content on rupture strength 
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Table VIII—PHYSICAL PROPERTIES 


(a) Thermal Expansion 























Steel Quality 23% Cr-1% Mo 8% Cr-Mo-Ti 18/12/1 Steel Quality 2}°%, Cr-1% Mo 8%, Cr—-Mo-Ti 18121 | 
i Ree oe ED eS ee ee a eis ae | 
Temperature, ° F Mean Coefficient per ° F x 10* Temp., °C Mean Coefficient per °C x 10° | 
68-200 oar 5.45 9.10 20-100 as 9.85 as } 
», 400 6-70 5-95 9.35 +, -200 12-0 10-70 16-70 
+5 -000 7-10 6-28 9.65 », -300 12-7 11-25 17-35 
;, 800 7-40 6-55 9.90 ”” 400 13-1 11-70 17-70 | 
» -900 7-50 6-70 10-05 », -500 13-6 12-15 18-15 
3, -1000 7-60 6-80 10-20 », 000 14-0 12-45 18-55 
»» -1100 7-75 6-93 10.35 », 650 14.2 12-65 18-80 | 
+» -1200 7-85 7-03 10.45 | 
(®) Modulus of Elasticity 

Steel Quality 24% Cr-1% Mo, 8% Cr-Mo-Ti 18/12/1 | Steel Quality 2}% Cr-1% Mo 8%,.Cr—-Mo-Ti 18,121 
eee Bice pes {Ss ee 
Temperature, ° F | Tons/in’® | Temp., °C Tons in*® 
68 13,700 13,950 13,200 20 13,700 13,950 13,200 

200 13,450 13,650 12,750 100 13,500 13,680 12,750 

400 13,100 13,250 12,150 200 13,150 13,250 12,150 

600 12,450 12,800 11,500 300 12,600 12,850 11,650 

800 11,750 12,300 10,850 400 12,000 12,400 10,950 
900 11,450 12,000 10,550 500 11,350 11,900 10,450 
1000 10,850 11,600 10,250 600 er 11,100 9850 | 
1100 see 11,100 9900 650 me 10,600 9600 

1200 et 10,600 9600 








1% Cr-}% Mo tube steel, scaled in a flue-gas atmos- 
phere at 566° and 630° C and in steam at 630° C. 
Discussion of Results 

The steels of most direct interest, Nos. 1-15 inclusive 
in Table I, had a 7-8% Cr, 3% Mo base and variable 
titanium and carbon contents. Their rupture strengths 
are shown in Fig. 23 as a combined function of carbon 
and titanium contents. This diagram illustrates the 
beneficial effect conferred by titanium upon the 
rupture strength. The detrimental influence of carbon 
can be attributed to its action in removing titanium 
from solid solution in the ferrite as TiC and thus 
reducing the ‘ effective titanium ’ content which by 
solution hardening of the ferrite and its influence 
upon the precipitation of the M,,C,-type carbide 
appears to be a major factor in producing creep 
resistance. 

The remaining steels were tested with the object 
of judging the effect of other elements upon the 
rupture strength. The addition of chromium (steels 
16, 17, and 18), in general confirmed the results of 
preliminary work (Fig. 5), showing it to be deleterious 
to the rupture strength. The result for steel 18 was, 
however, anomalous in this respect. Reduction in 
molybdenum content to 1% (steels 19, 20, and 21), 
appreciably lowered the rupture strength, whilst 
increasing molybdenum to 4% (steel 22), produced the 
best rupture life under these test conditions shown by 
any of the 39 experimental steels. The improvement 
relative to that shown by steels containing 3°% Mo 
was not considered sufficient to justify the addition 
of a further amount of this expensive alloying element. 
Combined additions of niobium and titanium were 
examined (steels 23-29 inclusive), and showed niobium 
to be an inadequate replacement for titanium, 
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although its presence in amounts up to about 0-9°% 
did not seem to reduce the rupture strength, provided 
sufficient titanium had been added to the steel. It 
is probable that this detrimental effect of niobium is 
due to its part, when present in sufficient amount, in 
reducing the solubility of Fe,Ti at 1050° C, thus 
lowering the * effective titanium ’ in solid solution and 
reducing the high-temperature strength of the ferrite. 

The addition of 0-76°% tungsten (steel 30), appears 
to have no marked strengthening influence and it 
might be presumed to act in the same way as molyb- 
denum to which it bears many similarities as an 
alloying element. The same remark might be made 
regarding the addition of vanadium to steel 31. The 
influence of aluminium has been examined in steels 
33, 34, 35, and 36; this element appears to be detri- 
mental in its action, probably for the same reason as 
niobium, i.e. by reducing the Fe,Ti solubility at 
1050° C, although the mechanism is more by virtue 
of its preferential solid solution in the ferrite than by 
compound formation. The combined addition of 
niobium, vanadium, and tungsten (steel 39) resulted 
in some reduction in rupture strength, probably due 
to the already mentioned influence of niobium. 

The results of the scaling tests (Table VII) confirmed 
that the scaling resistance of 8% Cr-3% Mo steels 
in steam and flue gas at 630° C was of a similar order 
to that exhibited by 1° Cr—Mo tube steel at 566° C 
in a flue-gas atmosphere, thus rendering such materials 
suitable for service in the temperature range 566— 
621° C (1050-1150° F) as far as resistance to scaling 
is concerned. 

As an outcome of these results it was decided to 
concentrate further work on casts of 8° Cr-3°, Mo 
steels containing not more than 0-1°% C and between 
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* Interpolated values 


1% and 14% Ti. The remainder of this paper 
deals with tests made upon a 5 cwt and a 12 
ewt high-frequency cast of this composition. 
COMMERCIAL STEELS 

Experimental Procedure and Results 

More extensive tests have been made upon bar 
and tube manufactured from one or other of the 
following casts: 


Cast No. Manufacturing Method C,% Mn,% Si,% 8, ‘ 
A.30292 High-frequency, 5cwt 0-07 0:53 0°85 0-055 
B.6860 High-frequency, 12cwt 0-07 0-68 0:75 0:036 
P,% Cr,% Mo,% aa, % 
A.30292 High-frequency, 5cwt 0-021 8-42 2-89 1-15 
B.6860 * * 12cwt 0-024 8-60 3-08 1:4 


Physical Properties 

The thermal expansion and modulus of 
elasticity values for cast B.6860 have been 
determined in the temperature range 20—650° C 
(68-1200° F) and are given in Table VIII with 
similar data for a 24% Cr-1% Mo ferritic steel 
and a 18/12/1 Cr-Ni-Nb austenitic steel, repre- 
sentative respectively of creep-resisting steels 
capable of being used at temperatures up to 
566° C (1050° F) and 663° C (1225° F) for long- 
life service in steam power plant. 
Mechanical Properties 

Tensile tests were made on bar material of both 
casts in the 1050°C, A.C. condition at tempera- 
tures up to 650°C: room-temperature tensile 
tests were also carried out on cast B.6860 re- 
heated for various times at 550°, 650°, and 850° C 
respectively after solution treatment at 1050 
C. The treatment at 550° and 650° C was in- 
tended to precipitate M,,C,, and that at 850 
C to precipitate Fe,Ti. The results of these tests 
are given in Table IX, with comparative data 
at 20°, 550°, 600°, and 650° C for the 24° Cr—Mo 
and 18/12/1 Cr—-Ni-Nb materials. 
Low-deformation Creep Resistance 

Creep tests have been carried out on bar 
material from cast B.6860 under a stress of 3 
tons/in? at 600°, 625°, 650°, 675°, and 700° C 
(1112°, 1157°, 1202°, 1247°, and 1292° F) with 
the results shown in Fig. 24 on a temperature 
time basis. The apparent inconsistency of the 
relationship for 0- 1° plastic strain is considered 
later in discussion of these and other results. 
Rupture Strength 

Rupture tests have been made on bar material 
of both casts in the 1050° C, A.C. conditions; 
specimens from cast B.6860 were tested at 566°, 
593°, and 621°C (1050°, 1100°, and 1150° F) 
and specimens from cast A.30292 at 625° and 
649° (1157° and 1200° F). Tests have also been 
made upon tube samples of cast A.30292 in the 
‘as extruded’ and 1050° C, A.C. conditions at 
625° C (1157° F). All these data are given in 
Table X. 
Cold-drawing Trials 

Cold-drawing trials have been made using 
two 43-in. dia. x 20 in. billets of cast A.30292. 
These were pierced at 1250° C and pilgered to 
form 2? in. dia. x 3 in. thick hollows. Based 
upon the results of reverse bend tests, an anneal- 
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Fig. 24—8°,, Cr-Mo-Ti quality steel; stress 3-0 tons/in? 


ing temperature of 850° C was used before each cold- 
drawing pass. This treatment, 1 h at 850°C, had the 
effect of precipitating Fe,Ti from solid solution and 
making the steel more readily workable. The hollows 
were reduced in five passes to 2 in. outside dia. x 14 in. 
internal dia. The procedure before each pass was to 
anneal at 850° C for 1 h, pickle and lead-coat the tube, 
cold-draw, then remove the lead coating. It was found 
essential to use lead as the lubricant, less efficient 
lubricants such as soap breaking down during drawing. 
Weldability 

Welding tests have been made using tube material 
from cast A.30292. Flash butt welds, oxy-acetylene 
welds, and are welds were made and bend tests carried 
out on them after various post-welding treatments. 
The flash butt welds were made between 8% Cr—Mo- 
Ti tubes whilst the oxy-acetylene and are welds were 
made between the 8% Cr-Mo-Ti tube and a 1% Cr- 
3% Mo tube steel. 
Discussion of Results 

The difference in thermal expansion of conventional 
ferritic (e.g. 2}° Cr—Mo) steels and austenitic qualities 
is about 30%; the thermal expansion characteristics 
of the 8% Cr—Mo-Ti steel (Table VIII) are about 10% 
below those of the 24°, Cr—Mo steel now being used 
in steam plant for service up to metal temperatures 
of 566° C (1050° F). In consequence the high stresses 
brought about by austenitic-ferritic junctions would 
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Fig. 25—Stress 3-0 tons/in?: 0-1°% plastic strain 
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Fig. 26—Stress 3-0 tons/in?: 0-2 °, plastic strain 
be appreciably reduced by the use of the inter- 
mediate chromium steel in place of austenitic material. 

The mechanical properties of the 8°, Cr—Mo-Ti 
steel in the 1050° C, A.C. condition (Table LX), apart 
from rather lower ductility, are similar to those of 
the 18/12/1 steel at room temperature, 550°, 600°, 
and 650° C, and somewhat superior to those of the 
24% Cr—Mo steel at these temperatures. The room- 
temperature tensile strength of the 8% Cr—Mo-Ti 
steel was increased by tempering treatments of 3 h 
at 650° C and 1 h at 850° C, which would precipitate 
M,,C, and Fe,Ti respectively. A prolonged treatment 
of 100 h at 550° C did produce a significant increase 
in tensile strength to 51-8 tons/in? but this was 
accompanied by very low ductility, both features 
being attributed to the fine dense precipitation of 
M,,U, carbide known to occur under these conditions. 
This latter test was made primarily with a view to 
the use of such an intermediate chromium steel for 
applications demanding a cold tensile strength of over 
50 tons/in? but it was evident that the accompanying 
low ductility precluded such a possibility. 

The creep-deformation behaviour of this steel under 
a stress of 3 tons/in? and various temperatures (Fig. 
24) reveals an anomalous curve shape for the 0-1% 
plastic-strain line in that the time to attain this 
amount of deformation is nearly identical at the two 
test temperatures of 600° and 625° C, 170 and 180 h 
respectively, and less than that at the higher tempera- 
tures of 650°, 675°, and 700° C when 1800, 426, and 
194 h were required to reach this level of deformation. 
The anomaly has begun to disappear at the 0-2% 
plastic-strain level and the explanation for it is 
believed to lie in the precipitation of the .W,,C, 
carbide. Reference to the precipitation-hardening 
characteristics discussed in Part II of this paper will 
show that at temperatures of 650° and 700° C this 
carbide would be mainly precipitated before the stress 
could be applied in the creep tests in question. At 
the lower temperatures of 625° and 600° C, however, 
this precipitation would be much less developed in 
the time elapsed before loading the test-piece and in 
consequence the transient, or first-stage, creep at these 
lower temperatures could proceed without the ‘ keying ’ 
action which such a precipitation would be expected 
to cause. The result of this behaviour is apparently 
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Table X—8% Cr-Mo-Ti QUALITY STEEL—STRESS-RUPTURE RESULTS (COMMERCIAL STEELS) 


(i) Bar Material: 1050° C, 4 h, A.C. 





Cast No. B.6860* 
Temperature of °C 566 593 
test, er 1050 1100 


A.30292* B.6860 
621* 625 649* 
1150 1157 1200 





Stress, tons/in? 
Time to rupture, h 
18-4 19-6 28-7 11-6 11-9 14-9 


Elongation on 1 in., % 


Reduction in area, % 68-0 | 65-5 62:0 39:2 43-6 68-6 


3021¢ 1172 81 15 2837 2554) 213 7655+ 3826 3894 492 | 5331 1308| 462 549 


14-0, 15-0/ 16-0 17:0 13-0, 14-0 15-0 5-0 7:0) 9-0 11:0 8-0 10-0 11-0 12:0 13:0 3:0 50 70 9-0 


48 7397+ 6430 1182 216 
10-1, 10-7 11-0 13-8 14-4 15-0 12-4 20-9 11-9 | 10-7 | 11-3 


69-2 71-8 81-2; 63-9 | 77-5 








(ii) Tube Material: Test Temperature 625°C (1157° F) 


* Tests carried out by Babcock and Wilcox Ltd. 


+ Unbroken 











Elongation on 1 in., % 12-2 12-3 20-8 21-3 


| 
Reduction in area, % | 74.0 71-8 | 75-8 76-5 





22-6 éce 13.9 11-7 | 13-8 15-7 


74.6 . «=| 2 | 62-8 


Cast No. A.30292 

Material Condition “As Extruded =——si«|sSCsCHenteTrented 1080°C, } bh, A.C 

Stress, tons/in* 10-0 11-0 12-0 13-0 14-0 6-0 8-0 10-0 11-0 12-0 13-0 | 
Time to rupture, h 3086 588 84 18 2 10,000* | 3210 1000 612 232 —so251 


15-2 


73-5 71-8 71-2 











* Unbroken 


only obvious at comparatively low deformation levels 
and, as these data indicate, is masked when greater 
amounts of creep are being considered. 

Apart from its academic interest this behaviour is 
worth recording as an argument against the use of 
such low-strain criteria as an assessment of long-time 
creep strength since there is considerable evidence 
that in single-phase materials exemplified by this steel, 
and more commonly by austenitic alloys, such occur- 
rences are by no means unusual. The temperature/ 
time curves for the 8% Cr—Mo-Ti steel and the 24% 
Cr-Mo ferritic steels and 18/12/1 Cr—-Ni-Nb austenitic 
steel are given in Figs. 25 and 26 for a stress of 
3 tons/in? and 0-1% and 0-2% plastic strain respec- 
tively. These diagrams both illustrate the comparative 
strengths of these materials and, together with the 
rupture test figures given below, emphasize the points 
referred to in the preceding discussion. 

The rupture test results (Table X) outline a notable 
feature of this steel, namely its good level of rupture 
ductility. The lowest rupture elongation obtained 
was 10-1% for a test at 610°C (1130° F) which 
fractured in 3826 h. This behaviour was common to 
bar material and to tube, the latter being tested in 
the heat-treated and extruded conditions. The tests 
on tube were made on specimens cut from the tube 
wall, the tube dimensions being 2 in. outside dia. x 
4 in. wall. 

It is important to know the strength of a steel in 
relation to that of the materials capable of being used 
at temperatures immediately above and below its 
intended operating range, 566-621° C (1050-1150° F) 
in the instance of this intermediate chromium material. 
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This is already indicated in Figs. 25 and 26; the 
following comparison is made on the basis of the stress 
to cause rupture in 3000 and 10,000 h at 625°C 
(1157° F): 


18/12/1 
4% Mo-V 8% Cr-Mo-Ti (Cr-Ni-Nb) 


Quality 24% Cr-Mo 
3000 h 4-4 5°6 8-7 10-7 
10,000 h 3°2 3°9 fad 8:8 


This emphasizes the useful level of rupture strength 
possessed by this steel. 

A fully ferritic steel of the 8% Cr—Mo-Ti type has 
a low room-temperature impact value due partly to 
its inherently coarse grain-size, which cannot be 
refined by heat-treatment, and partly to the alloying 
elements added to confer high-temperature strength. 
As the rupture data show, the ductility at tempera- 
tures between 566° C (1050° F) and 649° C (1200° F) 
is good, probably better than that exhibited by some 
established creep-resisting materials in their particular 
range of service. Whilst it has proved possible to 
carry out quite severe fabrication procedures at room 
temperature, as evidenced by the cold-drawing trials 
already mentioned, it is considered more suitable to 
fabricate this material hot, and this can readily be 
accomplished by conventional methods. An example 
of hot bending is given in Fig. 27 for a 2 in. outside 
dia. x } in. wall tube. A possible alternative to the 
more usual hot bending methods, and one which would 
not interfere with the creep strength of the steel in 
any way, might be to carry out fabrication at some 
temperature above 200° C (392° F) which, as Fig. 28 
indicates, lies above the impact transition temperature 
of this material. 
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The 8% Cr—Mo-Ti steel can be welded to itself and 
other ferritic creep-resisting tube steels by argon-arc 
welding methods. It has not, however, proved possible 
to get consistently high bend angles on strips cut from 
welded tubes, and bent over a former, although the 
welds themselves were metallurgically sound. Such 
bend tests had their origin in the examination of mild 
steel and low-alloy steel welded tubes, and it is open 
to question whether they are necessarily relevant to 
this particular steel and its intended application. It 
is considered that in making any such tests to examine 
the soundness of welds, this aspect should be borne 
in mind. By using austenitic weld metal 180° bends 
can be obtained, if required. 


CONCLUSIONS 


(1) Experimental work has been carried out on 
intermediate chromium materials with particular 
reference to fully ferritic steels. The results obtained 
led to more extensive tests being made upon an 8% 
Cr, 3% Mo-Ti steel. This material displayed, at 
625° C (1157° F) rupture strength intermediate to 
that of low-alloy ferritic creep-resisting steels and that 
of an 18/12/1 Cr-Ni-Nb austenitic steel. Its general 
level of properties suggests that a steel of this type 
might be suitable for service temperatures up to 
621°C (1150° F) and thus fill the gap at present 
existing between established ferritic and austenitic 
materials. 

(2) The function of titanium in this steel is to 
provide solid-solution hardening of the matrix, and, 
to maintain the optimum hardness from this effect, 
it is desirable to avoid the precipitation of the Laves 
phase based on Fe,Ti in the temperature range 
750-1050° C. 





Fig. 27—8°,, Cr-Mo-Ti tube steel; hot bent tube 2 in. 
o.d. X } in. wall 
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Fig. 28—8°%, Cr—-Mo-Ti steel (cast B6860): Izod-impact/ 
temperature relation 


(3) Titanium-bearing constituents other than the 
Laves phase are also present, but play a minor role. 
These include a new phase which could be a nitride. 
X-ray data are given for this constituent (“ Y phase ’) 
and for Fe,Ti itself. 

(4) Age-hardening due to the precipitation of the 
carbide M,,C, contributes considerably to the 
strength of the material at temperatures below about 
750° C and is an important factor in the rupture 
strength of the material as discussed in Part III of 
the paper. 

(5) The occurrence of this carbide in the presence 
of amounts of titanium in excess of those normally 
considered adequate for carbide stabilization has been 
explained. It is clear that titanium is only partially 
effective in this capacity. 

(6) Some general theoretical aspects are indicated, 
and these include the possible basis for a theory of 
crystallographic relationships. 

(7) The effect of other alloy elements has been 
considered. These elements—aluminium, tungsten, 
vanadium, and niobium—do not alter the structure 
of the material, but aluminium and niobium when 
present in sufficient amounts reduce the rupture 
strength of the steel. Niobium tends to replace some 
of the titanium in the Laves phase and to replace 
TiC by NbC. 

(8) In addition to laboratory tests, fabrication 
trials have been made upon this steel in tube form. 
These have suggested that, whilst it is possible to 
cold-work it, hot-deformation techniques would be 
more effective. 
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The Secale Effect in the Cup Drawing Test 
By J. F. Wallace, Ph.D. 


IT IS APPARENT from the considerable inter- 
national attention which is now being given to devising 
a standard test for the specification of drawing per- 
formance of sheet metals that the established tests, 
and many others which have been suggested, are not 
satisfactory. The tensile, tear, and Erichsen tests 
have had limited support and application but emphasis 
is now being given to the development of a cup drawing 
test, the parameter of sheet performance being the 
maximum ratio of cup to blank diameter at which an 
unfractured cup is drawn. 

The majority of pressings are formed by varying 
degrees of drawing and stretch forming. The flat- 
based cup, Fig. la, is a simple drawing operation and 
thus will only assess drawability. On the other hand 
the hemispherical based cup, Fig. 1b, which has been 
suggested as a test criterion incorporating an element 
of stretch forming, is only one simple combination of 
the two components under special conditions. Con- 
sequently, except in special cases, correlation of the 
performance of sheet between a single secondary test 
and in the press shop cannot be reasonably expected. 
Some materials may be more suitable for stretch form- 
ing than for drawing and two separate tests of the 
properties, a flat-based cup drawing test and a stretch 
forming test, Fig. lc, may resolve some of the present 
anomalies in the rating of drawing steels. Stretch 
forming is not considered in this paper. 

Obviously, for comparable assessments of draw- 
ability from diverse operators and machines, the test 
conditions should be precisely and practically specified. 





Based on paper MW/EA/7/56 of the Cupping Press 
Sub-Committee of the British Iron and Steel Research 
Association, received 5th March, 1956. 

The views expressed are the author’s and are not 
necessarily endorsed by the Committee as a body. 

Dr. Wallace is at the University of Sheffield. 


Table I 
SIZE-EFFECT ON RANKING 





Cup Dia. 13 in. 2 in. 4 in. 





Sheet 


Reference, L.D.R. P.R. L.D.R. P.R. 














A 2-22 1-0 2-17 1-0 2-15 1-0 
B 2-27 1-02 2-22 1-02 2-17 1-01 
c 2-35 1-06 2-30 | 1-06 2-24 1-04 
D | 2-22 1-00 | 2-17 | 1-0 2-15 1-0 

| | | 

L.D.R. = Limiting drawing ratio 

P.R. = Performance ratio - aa, 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


SYNOPSIS 

The specification of the drawing performance of sheet metals by 
the cup drawing test is discussed with particular reference to cup 
diameter, sheet thickness. and blankholder load. Experimental 
results from cups | in., 1} in., 2 in., and 4 in. dia. drawing from 
sheet thicknesses of 0-012 in., 0-018 in., 0-024 in., 9-036 in., and 
0-048 in., show a decrease in limiting drawing ratio with increase 
of punch diameter and decrease of sheet thickness. Similar limiting 
drawing ratios for different thicknesses are obtained with the tool 
geometry in proportion to thickness. 

It is suggested that a #-in. dia. cup should be used for tests on 
sheet 0-012—0-016 in. thick and a 2-in. dia. cup for 0'- 030-0 -040 in. 
thick, although with non-geometric tools similar performance to the 
smaller cup on thin materials can be obtained from the 2-in. cup. 

1287 
Swift, Svahn, Siebel,1~* and many other workers have 
examined some of the variables but the effect of cup 
diameter and the accommodation of a range of sheet 
thicknesses are still two of the more controversial 
factors. From consideration of their particular in- 
terests various research groups, equipment and sheet 
manufacturers, and users, have proposed cup dia- 
meters from } in. to 4 in. The smaller diameters 
reduce equipment cost as the press can be hand- 
operated, and users of thin narrow strip require that 
the limiting blank diameter is less than the sheet 
width; but larger cup diameters should be more dis- 
criminating and less subject to operator error. For 


different sheet thicknesses one suggested design of 


cupping press utilizes a single punch and die, the radial 
clearance varying from 5% to 500%, while in others a 
range of thicknesses is covered by each of three or four 
sets of tools of the same diameter. 

Swift’s theory of thinning during plastic bending 
under tension has suggested the hypothesis that for 
similar drawing conditions the ratio of die radius to 
sheet thickness should be constant, but it is clear that 
this will not apply when the cup radius is comparable 
with sheet thickness; Svahn2 has shown that with one 
thickness of sheet and fixed profile radii on punch and 
die the drawing ratio decreases with increase of cup 

Table II 
BLANK INCREMENT 





1 in. punch 0-036 in. sheet 2 in. punch 0-036 in. sheet 





Blank dia., in. Draw Fail Blank dia.,in. Draw | Fail 





2-350 0 10 4-650 0 10 | 
2-345 2 8 4-625 6 = | 
2-335 5 5 4-600 10 0 
2-33 9 1 

2-325 10 0 
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WALLACE: SCALE EFFECT IN CUP DRAWING TEST 


diameter. But while the combined effect of profile radii 
and cup diameter are difficult to analyse quantitatively, 
similar drawing conditions might be anticipated if the 
complete scale of the cup and the radial clearance were 
proportional to sheet thickness. 

In the present investigation, the effects of punch 
dia. and sheet thickness are examined with punches 
1 in., 1 in., 2 in., and 4 in. dia. and tool profiles 
proportional to nominal sheet thicknesses of 0-012 in., 
0-018 in., 0-024 in., 0-036 in., and 0-048 in. These 
combinations give complete geometric similarity with 
the 4-in. punch, 0-048-in. sheet; 2-in. punch, 0-024-in. 
sheet; and 1l-in. punch, 0-023-in. sheet. Punch nose 


PUNCH LOAD 






BLANK HOLDING 
FORCE 














/ - DiE ENTRY PROFILE 
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FROM HYDRAULIC 
=— ACCUMULATOR 
Fig. 1—(a) The flat-based cup; (b) the hemispherical- 
based cup; (c) stretch forming by hemispherical 
punch; (d) stretch forming by the bulge test 
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Fig. 2—-Sub-press assembled in 100-ton hydraulic press 


and die entry profile radii of 6 and 10 times the sheet 
thickness respectively and a radial clearance of 30°, 
of the thickness have been adopted after consideration 
of the experimental results of Chung and Swift. 


CONDITIONS IN DRAWING EXPERIMENTS 

The five thicknesses of cold-reduced, full-finished, 
extra deep-drawing quality stabilized steel sheet were 
especially prepared from the same stock. Cups | in., 
13 in., and 2 in. dia. have been drawn in a hydraulic 
pressure blankholding sub-press (Fig. 2) operated in a 
constant speed hydraulic press, and 4 in. dia. in the 
experimental crankpress with air cushion blankholding, 
drawing across the mid-stroke at a similar average 
speed to the hydraulic press (3 in./s). All the tools of 
‘die hard’ steel were finish-ground and polished by 
means of a special grinding attachment to a regular 
profile and a maximum surface roughness (by Taly- 
surf) of 4 uw. The lubricant, graphite and tallow, has 
been applied by hand. 

RESULTS AND DISCUSSION 

An effect of the blankholding load on the limiting 
drawing ratio for 2-in. cups is shown in Fig. 3. With 
blank thicknesses less than 0-048 in., there is an 
optimum blankholder load for the maximum limiting 
drawing ratio. The decrease in limiting drawing ratio 
at higher blankholder loads could be due to the in- 
crease in the blankholder friction component of the 
drawing stress, which will become more apparent with 
the thinner blanks. At less than the optimum blank- 
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BLANK HOLDING LOAD, tons 
Fig. 3—Effect of blank holding load on limiting drawing ratio 


holder load, the reduction in limiting drawing ratio 
may be attributed to the inception of wrinkling. The 
blankholder load above which wrinkling cannot be 
visually detected in the rim of a blank of initially twice 
the cup diameter when drawn to one and a half times 
the cup diameter increases rapidly with decrease in 
blank thickness (Fig. 4) and is about two-thirds of the 
optimum blankholder load. In the scale effect in- 
vestigation, the optimum load for each blank diameter 
and thickness has been adopted in an attempt to 
maintain comparable blankholding conditions. 
Svahn* has shown that the ranking of 5 sheets (3 
steel, 1 brass, and 1 aluminium) by the cup drawing 
test is not altered by cup diameter. Table I, which 
gives similar results from the drawing of four only 
slightly differing qualities of steel sheet suggests that, 
with any cup diameter, drawability could be specified 
relative to a standard material. However, in most cases, 
this method of test would be inconvenient and such 
a standard may be difficult to maintain over a period. 
A limiting drawing ratio which could be regarded as 
a unique value of drawability independently of sheet 
thickness would simplify the classification and manu- 
facture of drawing sheet, especially for use in the 
annealed condition. Consistency tests (Table II) 


Table IIIa 
GEOMETRIC SCALE EFFECT 








Cup dia., in. Sheet thickness, in. L.D.R. 
4 0.048 2-25 
2 0.024 2-275 
13 0-016 2.24 
1 0-012 2-225 











Scale: Cup diameter to sheet thickness = 1 0-012 
N.B.—1} in., 0-016 in. figure is from interpolation 
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show that the increment of blank diameters between 
100°, pass and 100%, failure is proportional to cup 
diameter and with the particular steel sheet used is 
0-025 increment of blank diameter. Acceptable 
variance on sheet would normally not be expected to 
be less than +- half of this increment, while in many 
cases -- one increment would be more usual. In con- 
sequence, it seems not unreasonable that for com- 
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Fig. 4—Effect of sheet thickness on blank holding loal 
to prevent wrinkling 
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Fig. 5—Variation of limiting drawing ratio with punch 
diameter (profile radii proportional to _ sheet 
thickness 


mercial comparison of different gauges a tolerance of + 
one increment could be allowed. Tables Ila and} show 
that this is attained within the range of sheet thick- 
nesses 0-012-0-048 in., if the cup diameter, die and 
punch profile radii, and the radial clearance, are in 
proportion to the blank thickness. The tooling 
required for the exact application of this principle to 
each standard gauge in the range 0-012-0-048 in. 
would be prohibitive for commercial test equipment, 
but this number can be reduced by taking into account 
the available tolerance. 

With constant blank thickness, the limiting drawing 
ratio decreases with increase of cup diameter (Fig. 5). 


The complementary Fig. 6 shows that the rate of 


increase of limiting drawing ratio with sheet thickness 
is lower with the thinner gauges when drawing the 
smaller diameter cups. The sheet thicknesses used, 
0-012-0-048 in., can be divided into three ranges, 
0-012-0-018 in., 0-016—0-024 in., and 0-024—0- 048 in., 
in each of which one punch dia. ] in., 2 in., and 3 in., 
respectively should give the limiting drawing ratio 
within the tolerance (-- 0-025 in.) of the value with 
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Fig. 7—Using one tool set to draw a range of sheet 
thicknesses 


punch dia. to sheet thickness scale of 10-012 in.; the 
3-in. dia. cup values are estimated. With a scale of 
1/0-018 in. the ranges are: 2-in. punch, 0:048-0-024 
in.; 1-in. cup, 0-024-0-016 in.; and ?-in. cup, 0-016 

0-012 in. (estimate); the 2-in. cup range contains the 
usual thicknesses of automobile body panel steels. 

Furthermore, when the tolerance is taken into 
account, the number of tool sets (punch and die) of 
each diameter can be considerably reduced from the 
number required for every standard gauge in each 
range. With a fixed tool profile, until the inception 
of wrinkling in the die entry, there is an increase in 
limiting drawing ratio with decrease in blank thick- 
ness (Fig. 7). To accommodate the 0:024—0-048 in. 
range of thicknesses with the 2-in. cup within —- 0-025 
of a scale value of limiting drawing ratio would 
seem to require two tool sets, but one set only may 
cover the suggested ranges for the smaller cups. 

So far the argument has been for the use of a 
smaller cup for drawing tests on thin sheet, but Fig. 6 
also shows that it should be possible with three or four 
tool sets of 2-in. dia. to obtain a scale value of limiting 
drawing ratios over the full ranges of sheet thicknesses, 
0-012-0-048 in. Thus it seems that two sizes of cup 
drawing test, say 3? in. dia. for narrow strip and 2 in. 
dia. for sheets, could be designed and standardized. 
With tool profile proportional to cup diameter, the 
drawability assessment of 0-012-0-016 in. sheet with 
?-in. dia. cup should be directly comparable to 0-030 
0-040 in. with the 2-in. dia. cup; but a small number 
of special profile tools could be provided at each 
diameter to give reasonably comparable limiting ratios 
over the full range. 

With the exception of Table 1, the experimental 

Table IIIb 
GEOMETRIC SCALE EFFECT 

















Cup dia., in. Sheet thickness, in. L.D.R. | 
2} 0.048 2.28 
2 0-036 2-3 
13 0-024 2:3 
1 0-018 2-27 
} 0.012 2.3 





Scale: Cup diameter to sheet thickness = 1/0018 
N.B.—2} in., 0-048 in. figure is from interpolation 
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results discussed have been obtained on only one type 
of steel. Nevertheless, as the applied variables were 
geometric, it appears not unreasonable to give a tenta- 
tive general application to the conclusions. 
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The Tempering of Plain Carbon Steels 


DURING THE TEMPERING of quenched carbon 
steels, changes in microstructure are produced over a 
wide range, resulting in corresponding changes in 
mechanical properties. At present little is known 
about either the dependence of the mechanical pro- 
perties on the microstructure, or the detailed mechan- 
isms of the microstructural change during the temper- 
ing process, especially during its last stage. 
Surveys!?+4 of the published. results of investiga- 
tions show that a wide variety of techniques has been 
used to study the process of tempering. The literature 
is voluminous and, therefore, reference will be 
restricted here to the more important investigations 
of the constitutional changes in structure and physical 
properties produced during tempering, and of the 
relation between mechanical properties and micro- 
structure. 
Changes in Structure 
Quench-hardened carbon steels have the structure 
of tetragonal martensite; they may also contain face- 
centred cubic austenite in varying amounts. The 
changes in physical properties during tempering result 
from the combined effects of the decomposition of 
these two solid solutions and are observed to occur in 
three stages. It is now well recognized that these 
correspond to: 
(i) Precipitation of close-packed hexagonal e- 
carbide 
(ii) Decomposition of retained austenite 
(iii) Formation from the e-carbide of thin platelets 
of orthorhombic cementite, Fe,C. From 
these, a microstructure of spheroidal ce- 
mentite develops, which then coarsens with 
further tempering. 
The underlying reactions here are time-dependent 
and occur either isothermally or on heating. More- 
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SYNOPSIS 

Electron metallographic techniques have been used to follow the 
changes in microstructure resulting from tempering four plain carbon 
steels in the temperature range 500-700° C. The carbide particle 
size distributions have been obtained and from these results it has 
been possible to calculate the changes of individual particle diam- 
eters during the progress of tempering. 

The progress of tempering has also been followed by taking 
hardness measurements, and from these it has been possible to 
calculate the activation energy of the softening process. The values 
obtained were ~ 60 kcal/g-mol and it is concluded that softening 
is controlled by a mechanism involving the self-diffusion of iron. 

The various relationships which have been proposed between 
parameters of the microstructure and hardness are discussed and 
compared with the present results. It is concluded that none of the 
previously established relationships accounts satisfactorily for the 
changes in steels during tempering. 

A new mechanism is proposed for tempering. It is suggested 
that the hardness of tempered steels depends upon the ferrite grain 
size-—the larger the grains, the softer the steel. The growth of the 
ferrite grains is limited by the carbide particles which are present 
at the ferrite grain boundaries; therefore, during tempering, as the 
carbide particles grow, so the ferrite grains can grow and the steel 
becomes softer. 

This mechanism is supported by the fact that a linear relationship 
has been observed between the hardness and the reciprocal of the 
square root of the ferrite grain diameter. 1239 


over, the three stages do not occur entirely consecu- 
tively; the third stage overlaps the second and both 
may partially overlap the first. 

These descriptions of the structural changes which 
occur during the three stages of tempering are sup- 


ported by the electron metallographic investigations of 
I : ig 


Trotter and McLean,® and Lement ef al.*? 
Although no further constitutional changes occur as 

tempering progresses, the microstructure and the 

mechanical properties continue to alter. This is due 


to the development, from the first-formed platelets, of 


non-coherent spheroids of cementite which gradually 
grow in size and decrease in number. This change, as 
has long been recognized,'* can only occur by the 
solution of the smaller particles, diffusion of carbon 
through the ferrite, and simultaneous growth of the 
larger particles. It is similar in charactér to over- 
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ageing in age-hardening systems. This part of the 
tempering process might well be regarded, therefore, 
as a separate stage of tempering—the fourth stage. 
Changes in Mechanical Properties 

The changes in the mechanical properties of tem- 
pered carbon steels associated with the microstruc- 
tural changes in the over-ageing stage are well known. 
For example, progressive tempering of a steel results 
in a decrease in hardness, yield stress, ultimate tensile 
stress, and creep properties, and an increase in ductility 
and impact strength. Several investigators®*!0 
have noted that hardness decreases linearly with the 
log of the tempering time on isothermal tempering 
but, unfortunately, changes in mechanical properties 
are generally given in the literature as a function of 
the tempering temperature for some arbitrary time of 
tempering; even the isothermal hardness data avail- 
able do not appear to include systematically the effect 
of carbon content. The investigations of Hollomon 
and Jaffe!! were the first to provide comprehensive 
data on the changes of hardness with tempering time 
for a wide range of temperatures and for different 
carbon steels. From their results, they were able to 
devise an empirical relationship between the time- 
temperature conditions of tempering and the hardness. 
Relation between Mechanical Properties and Micro- 

structure 

The characterization of these changes in mechanical 
properties in terms of the accompanying changes in 
the microstructures of tempered carbon steels forms a 
particular aspect of the more general problem of the 
relation between microstructure and mechanical pro- 
perties in two-phase alloys. The problem is complex 
and, despite its importance, has hitherto been the 
subject of few investigations. 

The first quantitative study was that of Gensamer 
and co-workers,!” who found that the tensile strength, 
hardness, and flow strength of several steels decreased 
linearly with the log of the mean free-ferrite path and 
that the same linear relationship held for pearlitic, 
spheroidized, and tempered structures, irrespective of 
the amount of the carbide phase. The values of the 
mean free-ferrite path ranged from 0-15u to 55u. 

Recent work by Roberts, Carruthers, and Aver- 
bach! shows that the elastic limit and yield stress of 
a number of irons and iron—carbon alloys vary with 
microstructure in the same way, although anomalous 
values are obtained in the case of high-purity iron. 

On the other hand, Shaw et al.,4 in a recent work 
on various over-aged Al-Cu alloys, find that their 
values of the log of the mean free path correlate better 
with the log of the flow stress (the true stress for 0-2 
strain). Again the amount of the dispersed CuAl, 
phase or the shape of the particles appears to have no 
effect on this relationship. 

Shaw et al.'4 also calculated from their data the 
volume mean free path, i.e. the mean free path in a 
volume of matrix, as distinct from that in a plane 
through the matrix, and found the same correlation 
with the flow stress as with the planar mean free path. 

tensamer!® has also determined the work-hardening 
index n for a number of different steels showing a 
variety of structures, and has found that, within a 
broad scatter band, there was a continuous variation 
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of » with flow strength. However, Shaw ef a/.)! 
pointed out that the data could also indicate that this 
is true only within each type of structure. 

Two other quantitative investigations have been 
carried out, both on tempered steels. Wood,!* using 
X-ray diffraction methods, deduced that the hardness 
decreased linearly with the reciprocal of the square of 
the particle diameter. Shimura and Esser!? tempered 
several hardened carbon steels, ranging in composition 
from 0-65% C to 1-75% C, at 700-720° C for varvine 
times up to 48 h, and then correlated the resulting 
hardness with the number of carbide particles observed 
optically in unit area of section surface. They found 
that for any one steel the data lay on a smooth curve, 
but that variation in carbon content produced a family 
of curves. For the same number of particles in the 
microstructure, a higher carbon content resulted in an 
increase in hardness. 

Together with these experimental investigations, a 
number of theoretical studies have been carried out. 
These have been based largely on the dislocation 
concept of plastic flow and have required various 
simplifying assumptions to be made about the two- 
phase structures considered, e.g. that the particles are 
spherical, randomly dispersed in the matrix, and uni- 
form in size, and do not deform with the matrix. It 
should be noted that, while the first two approxima- 
tions may hold for the case of tempered steels, the third 
does not and the validity of the fourth is doubtful. 

Gensamer™ had interpreted his results in terms of a 
dislocation model which must now be regarded as only 
approximate. Early work by Bragg!® also led to the 
expectation that some dimension of the structure 
which is characteristic of it, in the same way that 
Gensamer’s mean free-ferrite path is a characteristic 
dimension, should be a function of the plastic pro- 
perties of the aggregate. The relation developed was: 

constant 
Y Lim = tree ceeeteeteeseees eee eeeeeeeeeee(L) 


where Y,im is the shear strain at the elastic limit. the 
value of the constant is of the order of unity, and §. 
the value of the characteristic dimension, is the size 
of the crystal element whose strain is relieved by slip 
of a single inter-atomic distance. , 

The theory of precipitation hardening put forward 
by Mott and Nabarro!’ has been extended by Orowan”? 
to include the case of coarse over-aged structures. By 
considering a dislocation line, held up by a row of 
particles of spacing A, to bulge between them undet 
an applied stress until loops of radius A/2 are formed 
at the yield stress y, he obtained the relation: 

2Gd 


A 


(2 


y 


where G is the shear modulus and d is the atomic 
spacing. 

Allen*! noted that, according to Bragg, Mott and 
Nabarro, and Orowan, the strength of a steel should 
be proportional to the reciprocal of the characteristic 
dimension, but to its log according to Gensamer. He 
suggested that measurements made on electron micro- 
graphs of tempered steels might serve to establish the 
respective merits of the two relationships. Shaw et 
al.14 applied the theories of both Gensamer and Orowan 
to their own data but found neither wholly satisfactory. 
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Recently, Fisher, Hart, and Pry”? have proposed a 
rather different hardening mechanism, based however 
on a similar dislocation model. Successions of disloca- 
tion loops from Frank—Read sources pass between the 
particles intersecting the slip-plane and leave these 
particles surrounded by many small closed loops. 
These latter set up back-stresses which raise the 
effective critical stresses of all Frank—Read sources in 
the plane. The hardening increment identified with 
these back-stresses is then given by: 

1 or _ 3fv 

tt N 7, 
where 7, is the value of the critical stress for the 
vielding of the particles or surrounding matrix, r is 
the radius of the circular sections of the particles in the 
slip-plane, V is the number of dislocation loops sup- 
ported by each particle, f is the volume fraction of the 
precipitate, and 7, is the hardening increment, the 
difference in stress for equal strain of the two-phase 
structure and the single-phase matrix. 

These authors applied this relationship to the data 
of Shaw et al.,14 plotting f?/*/7, against r. The resul- 
tant points lay broadly scattered about a straight line, 
in the range 0-2-2-7y, and showed that 7, decreased 
with increasing values of 7, as would be expected. 

An analysis not based on dislocation theory was put 
forward by Unckel,?*?4 who considered the shearing 
forces acting in successive layers below the plane of 
application of the deforming stresses. He proposed 
that the force K necessary for the deformation of the 
aggregate could be related to the mean particle spacing 
y by the expression: 

K = Ae-By + C .... penisnseme? 
where C = strength of the matrix and A = the differ- 
ence between the strengths of the dispersed phase and 
the matrix. 

This formulation has the merit that, at zero spacing, 
K is equal to the deformation strength of the second 
phase, i.e. A + C, and, at infinite spacing, K is equal 
to the deformation strength of the matrix, i.e.C. The 
constant B is dependent on the way in which the shear 
forces decrease with distance from a particle. 


sts) 


Scope of the Present Investigation 

From this review it is clear that there is much to be 
gained from a detailed examination of the fourth stage 
of tempering in carbon steels. Moreover, there are 
several points about the structures produced in this 
stage of tempering which facilitate such an examina- 
tion. The cementite particles are approximately 
spheroidal, they are non-coherent with the ferrite 
matrix, and not only can their amount be varied by 
use of a steel of different carbon content, but their 
degree of dispersion can also be varied over an ex- 
tremely wide range by suitable adjustment of a simple 
heat-treatment process. 

The present investigation was carried out with the 
intention both of obtaining the full quantitative data 
about the microstructural changes in the fourth stage 
of tempering, which have hitherto been lacking, and of 
using this information to examine, in the light of the 
various studies noted above, the relation between 
mechanical properties and microstructure. 

Four plain carbon steels, differing principally in 
carbon content, were tempered under differing con- 
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ditions of time and temperature to produce in each a 
series of different structures. The microstructures 
were examined by using the electron microscope, in 
conjunction with the dry-stripped Formvar replica 
technique. The information obtained from the elec- 
tron metallographic examination included data on the 
amount and degree of dispersion of the carbide 
particles, and on the ferrite grain size of the matrix. 
The determination of the degree of dispersion requires 
the measurement of the complete size-frequency distri- 
bution of particles observed in an etched plane of 
section through each specimen; this distribution was 
transformed to give the true distribution existing in a 
volume of the steel, in order that the results could be 
related to the mechanical properties of the aggregate. 
In conjunction with metallographic examination, the 
Vickers diamond-pyramid hardness was measured on 
all specimens, and, on a selected range of specimens, 
the Meyer work-hardening index was determined. 


EXPERIMENTAL METHOD 
Materials. Preparation and Heat-treatment of Speci- 
mens 

The four plain carbon steels used were obtained 
from the British Lron and Steel Research Association; 
two were of acid and two of basic O.H. quality. Their 
compositions are given in Table I. 

The specimens for hardness measurements and 
metallographic examination were austenitized for 1 h 
at 50°C above the appropriate A, temperature, 
quenched into iced brine, and subsequently refrig- 
erated in liquid air to reduce the amount of any 
retained austenite to a minimum. Each specimen 
then received a single tempering treatment followed 
by quenching in water. The temperatures employed 
were 500°, 600°, 650°, and 700° C, and the treatments 
were carried out over the following ranges of time 
intervals: 3, 1, 2, 5, 10, 20, 50, and 100 h. The Meyer 
hardness determinations were carried out only on 
specimens tempered for 1, 10, and 100 h at 500°, 600°, 
650°, and 700° C. 

Metallographic Examination 

The specimens were mechanically polished and 
lightly etched for about 20 s in 3% Nital. Formvar 
replicas were dry-stripped from them and examined 
in the electron microscope. Two electron micrographs 
were obtained at a magnification of « 2500 from each 
specimen and then enlarged to a final magnification 
of x 10,000. 

Measurement of Ferrite Grain Size 

Estimates of the size of the ferrite grains, where 
they were visible in these tempered structures, were 
obtained by taking the average of the long and short 
axes of about 30 grains chosen at random in each case. 


Microstructural Analysis 

The sizing of the particles was carried out also on 
the enlarged prints of the electron micrographs. An 
area sufficient to contain 500-700 particles was 
examined, the particles being compared with a set of 
standard circles printed on a lantern slide. The 
diameters of the matching circles were in a »/2 pro- 
gression of size, each size being given a ¢-value. The 
diameter (d,,) of a particle in u is related to its ¢-value 
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Fig. 1—Electron micrograph of Formvar replicas from 0-3°,, C steel tempered for } h at 500° C 10,000 


(7) at a magnification of x 10,000 by the expression: 


= (v2y" sigvacsce vane tO) 

Mi 100 ce 
Equivalent values of d, and d, at the magnification 
stated are shown in Table II. 

The planar size-frequency distribution having been 
determined, a mathematical transformation of the 
observed data was applied in order to obtain the true 
size-frequency distribution of carbide sphere diam- 
eters existing in a given volume of the steel. An 





account of the method used is given in an Appendix. 
From the derived sphere size-frequency distribution 
of carbide particles in a known volume of matrix, the 
various parameters characteristic of the distribution 
were found by simple calculation. ‘These were: the 
particle diameter, surface, and volume; total particle 
surface and total particle volume in unit volume of 
matrix; total number of particles in unit volume of 
matrix; and the mean spacing between the particles. 
The observed circle diameter distribution, gave the 
number of particles in unit area of section surface. 


Fig. 2—Electron micrograph of Formvar replicas from 0-3°, C steel tempered for 100 h at 500° C 10,000 
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Fig. 3—Electron micrograph of Formvar replicas from 0.3°, C steel tempered for } h at 600° C 


Vickers Hardness Measurements 

After the specimens had been metallographically 
examined, Vickers hardness measurements were made, 
the mean of five values being taken in each case. 
Meyer Index Determinations 

The indentations were carried out using a 1-mm 
ball and loads of 10, 12-5, 17-5, 22-5, 30, 40, 63-5, 
and 100 kg. The value of the Meyer work-hardening 


index was found graphically from the log-log plot of 


load against impression diameter. 


x 10,000 


EXPERIMENTAL RESULTS 
General Description of the Microstructures 
The tempering treatments employed produced 
microstructures consisting of approximately spherical! 
particles of iron carbide dispersed in a matrix of 
ferrite. These microstructures varied both in the 
degree of dispersion of the carbide phase and in the 
amount of carbide present. 
A selection of the electron microstructures, printed 
at a magnification of « 10,000, is presented in Figs. 1-6 
to illustrate the extent to which the fineness of the 





Fig. 4—Electron micrograph of Formvar replicas from 0-3°, C steel tempered for 100 h at 600° C x 10,000 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


OCTOBER, 1956 





F 


carb 
for t 
shov 
chan 
occu 
pera 

gi by 
grap 
cipit 
grair 


F; 


OcT 


0 


uced 
rical 
x of 
. the 
1 the 


inted 


3. 1-6 
f the 


0 


1956 





HYAM AND NUTTING: TEMPERING OF PLAIN CARBON STEELS 153 





Fig. 5—Electron micrograph of Formvar replicas from 0-3°,, C steel tempered for } h at 700° C x 10,000 


carbide dispersion altered in each temperature range 
for the 0-3°, C steel. These electron micrographs 
show, in somewhat greater detail, the same qualitative 
changes as those found by Trotter and McLean® to 
occur on tempering a 0-6°% C steel at various tem- 
peratures up to 700° C. 

Two features were frequently observed on the micro- 
graphs of some of the finer structures, namely, pre- 
cipitation of carbides along the pre-existing austenite 
grain boundaries and the presence of lenticular areas, 


adjacent to the austenite boundary, in which the 
carbide particles are of smaller and/or more uniform 
size than elsewhere; both these features are shown in 
Fig. 1. It is thought that the lenticular areas repre- 
sent regions of retained austenite, which decomposes 
at a slower rate during tempering. 

Both the traces of the prior austenite grain 
boundaries and the lenticular areas frequently 
associated with them were only observed in those 
microstructures obtained by tempering for short times 





Fig. 6—Electron micrograph of Formvar replicas from 0-3°,, C steel tempered for 100 h at 700° C x 10,000 
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Table I—ANALYSES OF THE STEELS 





M Chemical Analysis, %, Austen- 

Designa- B.1S.R.A. as gl eres (oe _ : ; : or itizing | 
tion Reference (BS970) y | tempera-| 
Cc Si Mn Ss e Ni Cr Mo Cu Al ture, °C | 





En 32B | B.O.H. | 0-125 0-22 0-70 | 0-057; 0-042, 0-09 0-06 >0-05, 0-23 0-02 950 


En 8 B.O.H. 0-34 0-30 0-75 0-035 0-037 0-08 | 0-07 >0-05 0-11) 0-02 865 


0-1°,C) BBL 
0-3°,C CBD 
0-7%,C| CJD En 42 A.O.H. 0-79 0-19 0-65 0-038 0-036 0-10 0-04 >0-05 0-11 0-015 775 


0-985 0-23 0-64 0-05 0-032 0-12 0-07 >0-05 0-12>0-005 850 





0:99, C| DAD En 44 A.O.H. 





and/or at the lower temperatures. With progressive 
coarsening of the microstructures on further temper- 
ing, both these features ultimately disappear. 

The ferrite matrix structure showed interesting 
features. In those specimens tempered for short times 
and/or at low temperatures, it consists of adjacent 
light and dark (i.e. in relief or depressed) acicular 
patches (Fig. 3). These patches occur as sub-divisions 
of the prior austenite grains and appear to be related 
to the martensitic structure which existed before tem- 
pering. The patches are rendered prominent by 
strings of carbide particles, which are smaller than 
those at the austenite grain boundaries but larger than 
those within the patches, along the boundaries between 
the light and dark areas. 

There is evidence, especially from work by Entwisle 
and Hirsch,?* that these fairly large areas of light and 
dark contrast represent regions, numbering between 
five and eight per austenite grain, which are related 
to the prior martensite structure, and each of which 
contains ferrite grains whose orientations do not differ 
greatly amongst themselves. However, the value of 
60 u, given by these authors for the mean diameter of 
any one aggregate of similarly orientated ferrite grains, 
is much larger than the size of the areas observed here. 











their own grain contrast, become less and less acicular 
and grow into large equi-axed grains. There appears, 
therefore, to be observational evidence of simultaneous 
grain growth and recrystallization of the ferrite grains. 
Vickers Hardness Measurements 

The hardness of the four steels in the as-quenched 
condition before tempering is shown in Table III and 
the effects of duration and temperature of tempering 
on these values are shown in Figs. 7 (a)-(d). The four 
steels show the familiar linear relationship between 
hardness and the log of the tempering time. 

In order to obtain values for the activation energy 
of the tempering process, a convenient hardness value 
was chosen. The log of the times t required to reach 
this hardness at each of the four tempering tempera- 
tures by the four carbon steels was plotted against the 
reciprocal of the absolute tempering temperature, 7’, 
the values being read directly from the curves of 
Figs. 7 (a)-(d), which were extrapolated where neces- 
sary. Table 1V shows the activation energies Q which 
were obtained from the slopes of the straight lines 
through the plotted points. 

For a constant hardness level of 200 Vickers, the 
value of the activation energy diminishes with in- 

















Re ne ent oleae Riass eke til bes thd alike crease in the carbon content of the steel. Table IV betwee 
: os ae : pleas cnet are, i as em jo = also shows that Q varies with the hardness level at slight 
micrographs of specimens tempered for much longer hich the estimates are made, i.e. the higher the tempel 
er PORE. ni oe high igen gee ace — om hardness level, the higher the value of the activation worthy 
a ies asi ; ses ae. “fil = The a ogee —- energy. Unfortunately, it was not possible to examine ferrite 
ae 5 iggy gee ne 1 | eae yr Tae in greater detail this variation of the calculated activa- distrib’ 
star a ~ pet ge . o Z me a ye sn Bip. & tion energy with the hardness level chosen, since the of the 
r D a 1 3 ee ae geri wh fr “aig curves of Figs. 7 (a)-(d) required extrapolation by an of n fo 
ee ee, eee noe ee ee ee oe © unwarranted amount for hardness levels much dif- Thus t! 
structure to the other, the light acicular areas tend to ferent from the value of 200 Vickers used here annead 
lose their prominent contrast and to become patchy, SR ar uv ; ee ‘ld 
diffuse, and less acicular. At the same time, sub-grain Meyer Index Determinations | a 1 
boundaries appear and sub-grains, as they develop In all the tempered specimens examined, the ball 2 
impressions were of the ridging type and values for — 
Table II ings The 
SIZES AT MAGNIFICATION OF 10,000 OF Table III temper 
STANDARD CIRCLES USED FOR PARTICLE VICKERS HARDNESS OF THE STEELS most ¢cé 
SIZE MEASUREMENT IN THE AS-QUENCHED CONDITION slow a: 
$ u > u Steel Vickers Hardness 23 
| c,% as Quenched wa 
| _— 
} 4 0-01 9 0-23 _ 
|} 2 0-02 10 0.32 0-1 388 é 
3 0.03 11 0.45 c | 
4 0-04 12 0-64 0-3 659 = 
| 58 0-06 13 0.91 ie 
6 0-08 14 1-28 0-7 898 & 
7 0-11 15 1-81 ve 
| 8 0-16 16 2.56 0-9 922 Fig. 8— 
at 
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Fig. 7—Effect of isothermal tempering at 500° 


between 2-15 and 2-30 were found. There was a 
slight increase in » with time and temperature of 
tempering and with carbon content, but it is note- 
worthy that the work-hardening properties of the 
ferrite matrix should be so little dependent upon the 
distribution of the carbide particles, especially in view 
of the wide range of structures examined. The value 
of n for annealed Armco iron was found to be 2-24. 
Thus the tempered specimens seem to behave as fully 
annealed material, whereas the opposite deduction 
would have been made from the ridging effect shown 
by ball impressions. 
Ferrite Grain-size Measurements 

The ferrite grains become larger with increase in 
tempering time and ‘tempering temperature, but in 
most cases ferrite grain growth was seen to be relatively 
slow after times in excess of 25 h. The results for 


23 





lOO 
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Fig. 8—Ferrite grain growth with isothermal tempering 
at 500°, 600°, 650°, and 700° C of 0-7°, C steel 


FERRITE GRAIN SIZE 
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, 600°, 650°, and 700° C upon Vickers hardness 


0-7% C steel are shown in Fig. 8. As in the case of 
hardness, the effect of temperature was very marked. 
The minimum grain diameter which could be de- 
tected was approximately 0-05 and the maximum 
grain size found was about 6-0 u, but some doubt 
exists as to the absolute accuracy of the measurements. 
It was difficult, in the case of specimens in the inter- 
mediate stages of tempering, to decide whether the 
grain size to be measured was to be the ‘contrast 
grain size’ or the ‘sub-grain size’, and whether indi- 
vidual grains were sub-grains or not. The problem is 
apparent in the microstructure shown in Fig. 3. 
Table IV 
ACTIVATION ENERGIES OF SOFTENING FOR 
THE STEELS AFTER TEMPERING TO THE 
SAME AND TO DIFFERENT HARDNESS LEVELS 








Steel Activation Activation 
C, ° Hardness Energy, Hardness Energy, 
wii kcal g-mol kcal/g-mol 
0-1 200 76-3 190 76-0 
0-3 200 67-5 230 80-6 
0-7 200 51-7 250 70-5 
0.9 200 47.9 270 67-5 











JOURNAL OF THE IRON AND STEEL INSTITUTE 








156 HYAM AND NUTTING: TEMPERING OF PLAIN CARBON STEELS 


PARTICLE DIAMETER, » 
0-08 O16 O32 O'64 


0-04 












6 hh — 
s |» 
° 2 ” 
\ hoe 
I a l0- 
o 2- 
a np 


%o LARGER THAN STATED SIZE 


9-9 
999 
99-995 





| 
PARTICLE DIAMETER, ¢ 


Fig. 9—Size-frequency distributions of carbide spheres produced by tempering 


0-9°, C steel at 700° C 


The effect of composition on the ferrite grain size 
was not very marked; it appeared that the ferrite 
grain size of specimens tempered under the same con- 
ditions of time and temperature decreased as the 
carbon content was increased. 

Carbide Particle Size Distributions 

The experimentally observed circle diameter distri- 
butions of the carbide particles were transformed into 
the true sphere size distributions using the methods 
outlined in the Appendix. For each specimen the 
cumulative particle frequency percentage was then 
plotted on a probability scale against a log,.2 scale of 
sphere diameter. Typical curves for the 0-9% C steel 
after tempering for different times at 700° C are shown 
in Fig. 9. 

It will be seen from these graphs that it has been 
necessary to alter the zero of the abscisse in many 
cases where the relative displacement of the curves is 
small, in order to make the experimental results more 
clearly distinguishable. Where this has been done, 
the amount by which the zero has been shifted for a 
given curve is indicated by the position along the 
abscissa of an appropriately labelled arrow relative to 
a constant reference point, chosen for convenience to 
be at d = 10. This upper arrow indicates the point 
on the abscissa to which the point on the scale indicated 
by the value ¢ = 10 was moved for plotting the curve. 

By their progressive displacement in the direction 
of increasing particle size, the cumulative frequency % 
curves shown in Fig. 9 illustrate the gradual coarsening 
of the carbide dispersion of the steel which occurs 
during tempering at constant temperature. At the 
same time, there is a corresponding increase in the 
range of sizes over which the distributions spread, and 
a change in the character of the distributions from the 
reverse-) type which is obtained in the initial stages 
to one more nearly approaching the log-normal type 
in the later stages. The higher the tempering temper- 
ature is, the more rapidly these changes occur. 
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Changes in Size of Individual 


128 255 S12 Particles 
There is one type of quanti- 
tative result which may be 


obtained directly from the cum- 


the type shown in Fig. 9. 
Consider a specimen tem. 
pered at 700° C for 100 h, for 
| which it is known that there 
are 100 particles in a volume 
V3. The largest 10% of these, 
i.e. the 10 particles above a 
size u, in this } 


a a | 


volume 1,123, 
must have been the 10 largest 
particles in the same volume 
of matrix when the specimen 
had been tempering for only 50 
+ h, for example. Suppose that 
it is known, from measurements 
made on a specimen at this 
stage of tempering, that 100 
particles occur in a volume 
Vou3, where Vz < V,. Then 
the 10 largest particles at the 
50-h stage in a volume J,.3 
represent 10 V,/V,°% of the total number of particles. 
From the known cumulative frequency °%% curve for 
the specimen, it can be determined that this percent- 
age comprises all particles of, say, size wu, and larger. 

Hence a particle of size u, after 100 h tempering is 
found to have been of a size uw, after 50 h tempering. 
By continuing the process for the cumulative fre- 
quency °% curves obtained for the other times, and by 
repeating the whole operation choosing different values 
of initial particle size, a family of curves can be con- 
structed which shows the variation in size of individual 
particles with tempering time at constant temperature 
in a given steel. Figure 10 shows the case of the 0:9°, 
C steel, tempered at 700°C. It will be seen that only 
the particles which have grown to the largest size after 
4 h will still be growing after 100h. Below this size, 
they grow for a time and later begin to dissolve. The 
smaller they are at 3h, the sooner solution starts, 
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Fig. 10—Growth of individual carbide particles with 
progressive isothermal tempering of 0-9°% C steel 
at 700° C 
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while the smallest sizes observed kO | 


at 4 h are already in the pro- 
cess of solution. 
Parameters of the Distributions 
The parameters of the dis- 
tributions may be _ plotted 
against the tempering time and 
temperature, but more inform- 
ative results are obtained by 











QO 
an 


plotting them against the cor- 
responding hardness value of 
the microstructure examined. 
Figures 1] and 12 show the 
variation of the number of par- 
ticles per unit volume (1.3) and 
of the mean particle diameter 
when plotted against the cor- 
responding hardness values. 


MEAN PARTICLE DIAMETER, p 











The curves clearly show how, 





as the steel softens during tem- 
pering, the number of particles 
decreases and their mean dia- 
meter increases. It is also seen 
that for any given steel the points lie on a single curve. 
This suggests that a given hardness is characterized by 
a given microstructure, independently of the time-— 
temperature treatment used to produce this hardness. 
However, the carbon content of the steel is important, 


since varying the composition produced a family of 


curves. Similar relationships are found between the 
mean particle spacing and the hardness (Fig. 13). 
The values of the mean spacings S between the 
particles were calculated for Fig. 13 from the 
relationship: 
Ne EIT ood arise snsesnconAO) 
where f is the observed volume fraction of the carbide 
and .V is the experimental value for the corresponding 
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Fig. 12—Relationship between mean particle diameter and Vickers hardness 


number of carbide particles in a volume 112° of steel. 
This expression is simply derived. The volume of 
matrix associated with each particle = 1/Nu3. Con- 
sidered as a cube, this volume is of side = V3 wy. If 
a line penetrates this cube perpendicular to a face, the 
relative length intercepted by the carbide phase is f 
and by the ferrite (1 — f). 

Hence the actual length of intercept through the 
ferrite is (1 —f) N-¥3. This is the mean surface- 
surface distance between the carbide particles. 

From a knowledge of the particle size distribution 
it is possible to calculate the volume fraction of the 
carbide. The values calculated in this way were con- 
sistently larger than those calculated from the carbon 

content of the steel. However, 
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this discrepancy became less as 
the coarseness of the particles 
increased. 


DISCUSSION 

The experimental results 
given above shed further light 
on two important and quite 
distinct problems, namely, the 
kinetics of the fourth stage of 
tempering and the relation 
between the microstructure 
and the mechanical properties 
of the structures produced. 
Following an evaluation of the 
accuracy of the measurements, 
therefore, these two aspects of 


the tempering process are 

treated separately. 

Accuracy of the Particle Size 
Distributions 


The use of a 4/2 progression 
of size intervals for measuring 
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Fig. 11—Relationship between number of particles/x* and Vickers hardness 
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the distributions has several 
advantages. The error in- 
volved in assigning a particle 
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particles. The smaller particles 
would then go into solution and 
the larger particles would grow 
still larger by precipitation of 
carbide from the matrix. 

If this mechanism alone 
accounts for the changes in 
carbide particle size, then the 
rate-controlling process would 
appear to be the diffusion of 
carbon in a-iron, the activation 
energy of which is known to be 
™~ 20 keal/g-mol. From the 
data obtained in this investi- 
gation it is difficult to estimate 
the activation energy for par- 
ticle growth. Stibe,?? however, 
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Fig. 13—Relationship between mean particle spacing and Vickers ha lias recently derived a mathe. 


to the wrong size-group is relatively small, whilst a 
very large size-range can be covered by a conveniently 
small number of size-groups. Furthermore, estima- 
tion of particle size by visual comparison with a 
graticule of this type is precise and quick over the 
whole range, because the areas of successive circles 
differ from each other by a large and constant factor. 

Five possible errors likely to influence the results 
are: (i) in sampling, (ii) in replication of the structures, 
(ili) in estimating the electron optical magnification, 
(iv) in transforming the observations to give the sphere 
distributions, and (v) in estimating the depth of etch 
of the specimens. As it is not possible to compensate 
individually for these errors, a blanket correction was 
devised to estimate the total effect these errors may 
have had on the results. Since the net effect was 
likely to have been an over-estimation of the size of 
individual particles, the observed particle frequencies 
have been retabulated by assigning each observed 
frequency to the next lower size-group. New sphere 
distributions were then calculated and new parameters 
derived from them. 

When the new parameters were plotted against the 
corresponding hardness values, a consistent displace- 
ment of the points occurred, as would be expected, 
but the new values were within or near to the experi- 
mental scatter of the original values. The effects of 
applying the correction to values for the mean particle 
spacing are shown in Fig. 14. It may be concluded, 
therefore, that any errors in particle-size measure- 
ment will not have affected substantially any of the 
results described. 

Kinetics of the Fourth Stage of Tempering 

The curves of Fig. 10 throw more light on the well- 
known process of simultaneous particle solution 
and growth by which isothermal coarsening of two- 
phase aggregates is seen to occur. A possible 
mechanism for this process has been discussed “by 
Cottrell and Leak.** It is reasoned that the carbon 
content of the matrix will be greater in the region of 
the smaller particles than of the larger ones. Con- 
sequently, there will be diffusion of carbon along the 
concentration gradients through the matrix, leaving 
the ferrite in the region of the smaller particles un- 
saturated with regard to carbon and rendering the 
ferrite supersaturated in the region of the larger 
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matical technique for calculating the expected size 
distribution of particles after isothermal tempering, 
when starting from a given particle size distribution in 
a matrix and assuming that re-solution and growth is 
the mechanism of coarsening. Applying this mathe- 
matical technique to the results obtained in the 
present investigation, Stibe found agreement between 
calculated and observed particle size distributions, if 
he assumed the rate-controlling process had an activa- 
tion energy of 60 keal/g-mol. 

Previous authors have assumed that changes in 
particle size or particle separation are directly respon- 
sible for changes in hardness; the activation energy 
for the softening of tempered steel would be expected, 
therefore, to correspond to the activation energy for 
carbide particle growth. As is shown in Table IV, 
however, the activation energy for softening is 
= 60 keal/g-mol; similar values have been given by 
Hollomon.!! In view of these high values for the 
activation energy, it must be assumed that the rate- 
controlling process for softening is the self diffusion of 
a-iron, which is known to have an activation energy 
of ~ 60 keal/g-mol. 

On the other hand, measurements of the activation 
energy associated with the quench ageing of low- 
carbon steels agree with the accepted values for the 
activation energy for diffusion of carbon in a-iron. 
Similarly, for short-time low-temperature tempering 
of carbon steels, values for the activation energy of 
softening of ~ 12 kcal/g-mol have been obtained by 
Hollomon and Jaffe!! and Roberts et al.*® 
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It appears therefore that, in the case of plain carbon 
steels, there are differences in mechanism between the 
initial and the final stages of the tempering process. 
These differences must result from the fact that, in the 
early stages of tempering or ageing, the majority of the 
carbide particles are coherent with the matrix and are 
growing larger by depleting the surrounding matrix 
of carbon; but, in the fourth stage of tempering, only 
a few of the carbide particles are growing larger and 
the majority are going back into solution and all are 
non-coherent. The high activation energy for particle 
growth during the fourth stage of tempering can be ex- 
plained as follows: the transformation from cementite 
into ferrite involves an increase in density, and thus 
the net effect of transferring iron atoms from the 
cementite to ferrite lattice positions will be the pro- 
duction of vacancies. These vacancies will have to 
diffuse away before the cementite particles can go 
further into solution. Similarly, vacancies must 
diffuse to, and be annihilated at, the growing 
cementite particles. The movement of vacancies may 
therefore be the rate-controlling process, and this 
would require an activation energy for self diffusion. 

There is, however, another possible explanation of 
why the rate-controlling process for softening is the 
activation energy for self diffusion of a-iron; this is 
discussed in the next section. 

Relation between Microstructure and Hardness 

The changes in hardness which occur during tem- 
pering can be treated as a function of time and 
temperature or as a function of the microstructure. 
The first method of approach, while possessing merits 
of its own, is at present purely empirical. Neverthe- 
less, the second method of approach is the more 
fundamental. This is supported by the conclusion, 
which may be drawn from the continuous variation 
with hardness of the parameters of the carbide distri- 
butions for each steel, that, for a given steel, time 
temperature tempering treatments which produce the 
same hardness also produce the samen _ ostructure. 

A simple statement of the relation between hardness 
and microstructure in two-phase alloys made by 
O’Neill?® is that the hardness is proportional to the 
relative amounts of the two phases present. This 
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Fig. 15—Influence of composition upon the hardness of 
alloys of the system Fe-Fe,C (from the relation- 
ship proposed by O’Neill), compared with the 
lowest Vickers hardness produced by the tempering 
of the 0-1, 0-3, 0-7, and 0-9°,, C steels 
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ness shown by microstructures having the same 
values of individual parameters of the particle 
distributions as those possessed by a 0-3", C steel 
tempered to a Vickers hardness of 220 and 290 


implies that the hardness of a steel decreases on 
tempering to a minimum value which is dependent 
upon the carbon content. When the hardness of the 
softest specimen produced in each steel in this in- 
vestigation is plotted as in Fig. 15 against the carbon 
content of the steel, it is seen that the points do in 
fact lie close to the straight line between the hardness 
of ferrite (100 Vickers) and cementite (800 Vickers), 
which represents the relationship of O’Neill.2* How- 
ever, the data of Figs. 7 (a)-(d) do not indicate that 
an ultimate ‘minimum hardness’ can ever be reached. 
It seems that the size of the indenter impression 
relative to the structure introduces a problem of its 
own in very coarse structures. Hardness must 
therefore be related to the more fundamental variables 
of microstructure which may be involved. Here, 
these may be the amount and degree of dispersion of 
the carbide phase, the ferrite grain size, and the 
intrinsic hardness of the carbide particles and of the 
ferrite matrix; the distribution of the carbide particles 
and the ferrite grain size may be interdependent. 

At this point, it is possible to eliminate one way in 
which the volume fraction of carbide, the particle 
size distribution, and the hardness could be related. 
It could be supposed that two steels differing in 
carbon content could have identical particle size 
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distributions at similar stages of tempering, but have 
different hardnesses since the respective total amounts 
of carbide in unit volume are not the same. In this 
event, some parameters of the distributions would be 
identical (e.g. mean diameter, surface, volume, and 
spacing), but others (e.g. number of particles per 
and total particle surface in 1000u%) would not. 

Figure 16 shows the variation with steel composi- 
tion of the hardness shown by microstructures having 
the same values of individual parameters of the 
particle distributions as possessed by a 0°3% C 
steel at a Vickers hardness of 220 and 290. The 
supposed identity of some parameters is not observed; 
the different sets of points all lie on separate curves. 
Figure 16 therefore shows that the original supposi- 
tion is incorrect and that carbon steels of different 
composition never have the same particle size dis- 
tribution at any stage of the tempering process. 

The effect produced by varying the amount of 
the dispersed phase was observed by neither Gensamer 
and co-workers! nor Roberts et al.13 for steels, nor 
by Shaw et al.14 for over-aged Al-Cu alloys. Measure- 
ment of the microstructures by these investigators, 
however, were carried out with the aid of the light 
microscope and they were therefore limited by the 
resolution to the coarser distributions, for which the 
effect of volume fraction is not so marked. The 
greater accuracy of measurements in the present in- 
vestigation and the wider range of degree of dispersion 
available, is responsible for its detection. 

The linearity of the relationship derived by 
Gensamer and co-workers!” is confirmed in Fig. 17 
which shows the variation of the log of the mean 
particle spacing with hardness, although the results 
show a fairly large experimental scatter and some 
deviation from the expected values for the 0-7% C 
and 0-9% C steels at higher hardnesses. However, 
the dependence of hardness on the volume fraction 
of carbide, which was not observed by Gensamer 
and co-workers,!2 is well marked here. 
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In Fig. 18, in which the reciprocal of the mean 
particle spacing is plotted against hardness, the 
predicted linearity of the relationships put forward 
by Bragg,!8 Mott and Nabarro,}® and Orowan*® is 
not strictly obeved. The curves again demonstrate 
a variation of hardness with volume fraction of 
carbide, which is not predicted by theory. 

The expression derived by Fisher, Hart, and Pry” 
and given in equation (3) is the only theoretical one 
available at present in which the hardness is expressed 
as a function both of a parameter of the particle size 
distribution and of the volume fraction of the particles. 

Since hardness is approximately a linear function 
of tensile strength, equation (3) becomes: 

3/2 
ie (7) 


‘Si a ae cht dae 


where H is the hardness of the specimen, Ha-re is 
the hardness of the ferrite matrix, and 7 is the mean 
radius of the particles intersected on the slip plane. 
In representing this relation in Fig. 19, the values 
of r and H have been taken from the smooth curves 
through the experimental points shown in Fig. 12 
and the values of the volume fraction f have been 
calculated from the known chemical compositions. 
Ha_ye was taken to be 100 Vickers. The resulting 
smooth curves show that the theoretically derived 
relationship once more does not take into account 
completely the effect of the carbon content of the 
steel. This effect is clearly marked, even if actual 
experimental values of 7 and f are used, although the 
scatter of the plotted points is then much greater. 
In Fig. 20 the relation developed by Unckel?® 
(equation 4) has been tested by plotting the mean 
particle spacing against the log of the parameter 


a-Fe 


ey Here H is the hardness of the tem- 
pered steel, Ha — je that of the ferrite matrix, and 
Hc that of the cementite particles themselves. The 
resulting curve should then be a straight line of slope 
equal to the coefficient, — B, of the exponent in 
Unckel’s expression. However, the plotted points in 
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Fig. 18—Relationship between the reciprocal of the 
particle spacing and the Vickers hardness 
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fact lie on four well-defined curves, corresponding to 
the carbon contents of the four steels used. It is 
evident that, as a complete expression of the depen- 
dence of hardness on the carbide particle distribution, 
Unckel’s expression is scarcely more successful than 
the others previously considered. 

The theoretical considerations upon which the data 
shown in Figs. 18-20 have been based are limited in 
their practical applications by the various simplifying 
assumptions which have had to be made by their 
respective authors. The relations proposed by 
Bragg,!® Mott and Nabarro,!® and Orowan*® postulate 
a uniform value of the particle spacing; that by Fisher, 
Hart, and Pry*® supposes a uniform size of the 
circular sections of the particles in the slip-plane. In 
practice, neither of these conditions occur. In addi- 
tion, these relationships all predict zero strength for 
the matrix when the dispersion is infinitely coarse. 

Unckel’s** relationship on the other hand does 
predict finite values of the strength both of the dis- 
persed phase and of the matrix. These must find 
expression in any detailed analysis of the relation 
between hardness and microstructure, not only because 
their absolute values influence the hardness of the 
aggregate but also because their relative values will 
determine the type of deformation which will occur 
under given conditions. 

The influence of ferrite grain size in relation to the 
mechanical properties of tempered steels has not been 
discussed by previous workers. It is, however, well 
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H-Ha-¥e 
known that changes in mechanical properties result 
from changes in the grain size of pure metals or single- 
phase alloys. A quantitative relationship for the 
influence of grain size upon hardness has recently 
been derived by Hall®® who has shown that: 
Hardness « ——— L ee Kiiceaebeesten 
VY Grain Diameter 
In the steels tempered for a long time at high 
temperatures, where the microstructure may be 
clearly resolved, it may be seen that the particles of 
cementite are almost exclusively at the boundaries of 
the ferrite grains. At lower temperatures and after 
shorter times, the ferrite grain boundaries are not 
clearly etched or resolved, but it may be assumed that 
a somewhat similar structure of particles at the grain 
boundaries is present. If this is the case, it is possible 
to calculate the ferrite grain size by using the formula 
derived by Smith*: 





R 3 
elkaniiy PELLET LE (9) 
r 4f 
where R = mean radius of curvature of the grain 
boundaries, 7 = mean radius of curvature of the 
particles, and f = volume fraction of the particles 

present in the matrix. 

Since the mean radius of curvature of the particles 
and their volume fraction are known, it is possible 
to calculate the mean radius of curvature of the 
grains. If the grains are assumed to be spherical, 
then F will correspond to the grain radius. 
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In Fig. 21 it is shown that there is a linear relation- 
ship between the hardness and the reciprocal of the 
square root of the calculated grain diameter, and over 
the range of carbon contents investigated all the points 
tend towards the same straight line. In view of this 
relationship it is now possible to propose a mechanism 
for the fourth stage of tempering. After the formation 
of cementite from ¢-iron carbide, the ferrite matrix 
recrystallizes. Grain growth is, however, hindered by 
the presence of cementite particles at the grain bound- 
aries. With increasing temperature or time of tem- 
pering, the carbide particles grow and so allow the 
ferrite grains to grow. It is suggested that the hard- 
ness of a tempered steel is governed by the grain 
size attained, and this in turn is a function of the 
particle size. 

The growth of the ferrite grains would be con- 
trolled by a mechanism involving the self diffusion of 
a-iron, and this may account in part for the high 
activation energies of softening found in this and 
other investigations. In view of the results obtained 
by Stibe,?” however, it appears that particle growth 


is also controlled by a mechanism involving self 


diffusion of a-iron; thus grain growth and particle 
growth are always in step with each other, and the 
relationship postulated by Smith*! between the grain 
size and the particle size is followed. 
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The significance of the results obtained when 
determining the Meyer index of tempered steels now 
becomes apparent. Both Pfeil®* and O’Neill®* have 
shown that the Meyer index of ingot iron is 
independent of the ferrite grain size. Therefore, if 
the hardness of carbon steels is controlled by the 
ferrite grain size, little change in Meyer index would be 
expected over a wide range of tempering treatments. 

In the present investigation it has not been possible 
to determine the ferrite grain size accurately because 
of the limitations of the plastic replica technique 
used for the electron metallography. However, with 
the development of the carbon replica process by 
Bradley,*4 there is no doubt that a greatly improved 
resolving power may be obtained and more accurate 
measurements of the ferrite grain size can therefore be 
made. A few preliminary experiments have already 
been carried out using the carbon replica technique 
and these have confirmed the importance of ferrite 
grain size in controlling the properties of plain carbon 
steels. 

CONCLUSIONS 

From the present investigation it may be con- 
cluded that: 

(1) For any one carbon steel, simple isotherma! 
tempering treatments which produce the same hard- 
ness also produce the same microstructure. 
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(2) With increasing carbon content of different 
steels tempered to the same hardness, the micro- 
structures show a decrease in the number of particles 
per unit volume and in the total particle surface 
area and an increase in the mean particle diameter, 
surface, volume, and surface-surface spacing. 

(3) For steels of different carbon contents tempered 
to the same hardness, the size frequency distribu- 
tion of the carbide particles is not the same. 

(4) The measured activation energy of the temper- 
ing process is not equal to that for the diffusion of 
carbon in a-iron as had been suggested, but corre- 
sponds with that of the self-diffusion of a-iron. 

(5) It has been possible to calculate the way in 
which individual carbide particles will change in size 
during the tempering process. A mechanism is 
given, which would require the rate-controlling 
process for particle growth to be the diffusion of 
vacancies through the a-iron. 

(6) A linear relationship has been observed between 
the Vickers hardness and the reciprocal of the 
square root of the calculated ferrite grain diameter. 

(7) It is suggested that the fourth stage of temper- 
ing involves the simultaneous growth of the ferrite 
grains and the carbide particles. As the carbide 
particles are at the ferrite grain boundaries, they 
hinder grain growth, but both particle growth and 
grain growth occur by the movement of vacancies 
through the a-iron lattice. 
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APPENDIX 


Determination of the True Sphere Size 
Distribution 
From the Observed Circle Distribution on a Random 
Plane of Section through a Matrix Containing 
Dispersed Spheres 

If a random plane of section is taken through a 
matrix containing a dispersion of spheres of uniform 
diameter, these spheres will be observed as circular 
sections having diameters ranging from zero to that 
of the spheres themselves. 

The probability of finding circles of diameter 
between zero and any diameter d less than the 
diameter of the spheres has been shown by Scheil®® 
to be given by the expression: 

Pyp(d) = 1 — 5 tr ere 


where Pp(d) = probability of finding a circle of 
diameter between zero and d, when sectioning a 
dispersion of spheres of diameter D. If the circles 
are sized in a 1/2 progression of diameters, the 
probability of finding a circle of a given size group 
on the plane of section is given in Table V. 

When the spheres dispersed in the matrix are not 
of uniform diameter, the problem of determining the 
actual size distribution from the observed circle 
diameter distribution may be solved in the following 
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Fig. 22—-Histogram representing a distribution of circle 
diameters observed as a result of sectioning a 
matrix containing dispersed spheres of non- 
uniform diameter 


CIRCLE DIAMETER FREQUENCY IN UNIT AREA 


way, making use of the results obtained when con- 
sidering a dispersion of spheres of uniform diameter. 

Let the distribution of the circle diameters be the 
histogram shown in Fig. 22. It is now assumed that 
all the circles in the largest size group (¢ = 6) are 
obtained as a result of sectioning spheres of the same 
size group close to a diametral plane. However, 
the total number of spheres of this size group inter- 
sected by the plane of section will be larger than the 
observed number of circles in the size group, since 
some of the spheres will be sectioned away from the 
diametral plane, giving circles of smaller diametet 
than the size group limits. 

The total number of spheres in the largest. size 
group will be given by dividing the total number of 
circles in the largest size group by the appropriate 
probability factor shown in Table V: 

Ng (¢ = 6) = No (¢ = 6)/0°707 ......... (11) 
where \s(¢ = 6) = total number of spheres in size 
group ¢ = 6 intersected in unit area of section plane 
and Nc(¢? = 6) = total number of circles observed 
in size group ¢ = 6 in unit area of section plane. 

The number of circles in size groups smaller than 
¢ = 6, which originate from the sectioning away from 
a diametral plane of spheres in size group ¢ = 6, 
may now be calculated for each of the smaller size 
groups. The value is given by multiplying the 
value Vs(¢ = 6) by the appropriate values of the 
probability of sectioning shown in Table V. 

Now the observed circles in size group ¢= 5 


originate from the sectioning of spheres in size 

group ¢ = 6 and spheres in size group ¢ = 5. 
Since the number of circles in size group ¢ 5 

originating from the spheres of size group ¢ = 6 


has already been calculated, the number of circles 
originating from spheres in size group ¢ = 5 may be 
obtained. Hence the total number of spheres of 
size group ¢= 5 intersected in unit area of the 
section plane may be calculated as before, using 
equation (10). Similarly, the numbers of circles in 
size groups less than ¢ = 5 originating from the 
sectioning away from a diametral plane of spheres 
of size group ¢ = 5 may be obtained. 

These methods are now re-applied to the circles in 
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Fig. 23—Effect of etching the matrix upon the observed diameters of spheres having their centres above 
and below the section plane 


size group ¢ = 4 which, it will be seen, originate from 
the sectioning of spheres of size groups ¢ = 6, 6 = 5, 
and ¢ = 4. As the numbers of circles deriving from 
the two larger sphere size groups have been calculated, 
the number of circles originating from the spheres of 
size group ¢ = 4 may be found, and the total number 
of spheres of size group ¢ = 4 can be calculated. 
The numbers of circles in size groups smaller 
than ¢ = 4 coming from spheres of size group ¢ = 4 
may then be calculated as before. This process of 
calculation is continued for the remaining size groups 
of the histogram. 

The values obtained by this analysis are the 
numbers of spheres in each size group intersected by 
unit area of the section plane. The values required 
are usually the numbers of spheres of each size 
group in unit volume of matrix. These latter values 
may be obtained by dividing the former values by 
the respective sphere diameters. 

As a geometrical progression of size intervals is 
used, each size interval is related to its neighbour by 
a constant factor. It is therefore necessary to 
calculate only the probability values shown in 
Table V. With Scheil’s*® method, which involves 
an arithmetical progression of size intervals, each 
interval is related to its neighbour by a different 
factor, and a different set of probability values has 
to be calculated for each step of the analysis. 


Correction to be Applied after the Section Plane is 
Changed by Etching 

If a new plane of section is produced by etching 
away the matrix around the particles to a uniform 
depth parallel to the original plane of section, the 
circle diameter distribution observed on the new 
etching plane will differ from that obtained on the 
original section. There will tend to be an increase 
in probability of finding circles of large diameter and 
a decrease in probability of finding circles of small 
diameter. It is possible to calculate the changes in 
probability as follows. 

Consider first the case of spheres of uniform 
diameter D dispersed in a matrix, which is first 


sectioned by a random plane and then etched; if 
the etching plane is now treated as the plane of 
section, spheres which are intersected by this plane 
may be divided into two equal groups—those with 
their centres above and those with their centres 
below the plane of section. With those spheres 
having their centres above the plane of section, the 
diameters of the observed circles will be greater 
than the diameters of the true circles of section, as 
can be seen from Fig. 23. From the geometry of 
this figure it follows that: 


.. fay d, obs.\* : 


2 2 
(z + k)? = (2) - (3) SER ee es, 


where D = dia. of the sphere, d, =: dia. of the true 
circle of section, d,(obs.) = dia. of the observed circle 
of section, k = depth of etch, and z + k = height 
of the centre of the sphere above the plane of section. 
On the plane of observation the probability of 
finding circles of diameter between zero and d,(obs.) 
must be equal to the probability of finding circles of 
diameter between zero and d, on the plane of section, 
since one group of circles is dircctly derived from 
the other. Using the notation of equation (10) 
Py (d,) = Py (ad, obs.) ...............(14) 
and by eliminating z from equations (12) and (13) it 
can be shown that: 


: Lope 1 . Lay ao _ 24 
Pp(d,)=1— gv D —d?=1- VP —(d, obs.) — > 


For the general case therefore: 
Pp (d obs.) = 1 — 1 D2 — (d obs.)2 — 2k } 
‘p | S.) pVD (d obs.) poo (16) 


Because of the similarity between equations (10) 
and (16), it follows that the probability curve for 
the finding of circles between zero and any diameter 
less than D on the plane of observation is similar to 
the probability curve for the finding of circles between 
zero and any diameter less than D on the plane of 
section. The former curve is however displaced from 


Table V—PROBABILITIES OF OBTAINING CIRCLES IN STATED SIZE RANGE 
From the sectioning of spheres of diameter D 











D//2- Di(v2y- | Di(x2)°- Di(v2)- | Di(2)*- Di(/2)°— Dj(/2)'- 
D-D//2 Di(V2)* D/(/2)° | Di(V2)* Di(V2)° | D//2)* | Di(V2)' D/(V2)* 
| | 
0-707 0-159 0-069 | 0.033 0-016 | 6-008 0-004 0.002 
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Table VI—PROBABILITY OF FINDING CIRCLES IN STATED SIZE RANGE 
From the sectioning of spheres of varying diameters: etch depth 0-05. 

















Probability Values 
Circle Diameter Size Median Sphere Diameter, 
Group Limits ee Ee ee ee Saas ee ane eee 
2-56 1-81 | 1-28 0-91 0-64 0-45 | 0-32 and less 
| j | 
D-D/\/2 0-727 0.735 0-748 0-762 0.785 0-817 0-854 
D/V/2-D/(1/ 2)? 0-159 0.159 0-159 0-159 0-149 0-111 0-080 
D/(V 2)?-D/(v/ 2)? 0-069 0-069 0-063 0-047 0-035 0-035 0-035 
D/(\/ 2)°-D/(+/ 2)4 0-029 0-021 0-016 | 0-016 0-016 0-016 0-016 
D/(\/2)4-D/(/ 2) 0-008 0-008 0-008 0-008 0.008 0-008 0-008 
D/(\/2)5-D/(4/2)° 0-004 0-004 0-004 0-004 0-004 0-004 0-004 
D/(\/ 2) ®-D)(4/ 2)? 0-002 0-002 0-002 0-002 0-002 0-002 0-002 
D)(\V/ 2)7-D/(4/2)® 0-001 0-001 0-001 0-001 0-001 0-001 0-001 











the latter on the ordinate by an amount of — 2k/D. 
Therefore, in the largest size group the probability of 
finding circles will be increased by 2 k/D, whilst no 
circles will be observed having a dia. less than 
dobs. = 2 I 
Equation (17) corresponds to the case when the 
true circle of section has zero diameter; this is 
illustrated in Fig. 23. In the size groups inter- 
mediate between these two limiting values, the 
probability of finding circles on the plane of observa- 
tion will be unaffected by the etching treatment. 
It now becomes possible to calculate the prob- 
abilities of finding circles in any size range for the 


the 50% of the spheres, sectioned so that their 
centres are below the plane of section, the prob- 
abilities will be the same as those shown in Table V. 
By taking the mean of these two values for each 
size range, the probabilities of finding circles on the 
plane of observation will be obtained. 

To calculate the true sphere size distribution 
from the observed circle size distribution, the same 
technique is used as before but with the modified 
probability values. For each sphere size considered, 
however, the value of the term 2 k/D will change; 
hence the probability values have to be calculated 
separately for each stage of the transformation. 

The probability values required for the size ranges 
considered in the present investigation have been 


spheres of diameter D which are sectioned so that calculated assuming an etch depth of 0-5u. These 
their centres are above the plane of section. For values are given in Table VI. 
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of refrigerated materials treated at —184° C. 

Several workers have examined the influence of 
plastic deformation on the stress-corrosion cracking of 
austenitic stainless steels; the data are, however, 
scanty and complex. Franks, Binder, and Brown 
obtained an apparent threshold stress of 38,500 ]b/in? 
for a fully softened 18-8 type steel (0-2% proof stress 
35,000 lb/in?) and found that the threshold stress was 
increased to 50,000-59,000 lb/in? when the steel was 
heavily cold-worked (so that the 0-2% proof stress 
was 126,000 lb/in?). On the other hand, Scheil* found 


formation to a magnetic phase at room temperature. 
Rocha® suggested that this phase, called ‘quasi- 
martensite’ by Edeleanu,’ plays an important part in 
stress-corrosion cracking; this idea was developed by 
later workers.” § 





Manuscript received 7th September, 1955. 

Dr. Hoar is with the Department of Metallurgy, Uni- 
versity of Cambridge; Dr. Hines, who was with the 
Department when this work was carried out, is now with 
Imperial Chemical Industries, Ltd., Billingham Division. 


Table I 


MECHANICAL PROPERTIES OF THE STEELS AS RECEIVED AND IN THE 
FULLY SOFTENED CONDITION 














0-1% Proof Stress, | U.T.S., Elongation on 2 in., 
10° Ib/in® 10° Ib/in? % 
Steel _| cahaaaledcocil haan | aie Ben ot hae 
As received | Fully softened) As received Fully softened As received Fully softened 
| | | | 
18-8 (b) 51-6 43 112 86 66 | 62 
18-8-Ti (a) 70-4 | 44 119 92 29 60 
18-8-Ti (6) 51-5 42 | 119 86 61 52 
18-8-3Mo (b) 72-3 47 138 | 91 44 | 68 
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Part II—FULLY SOFTENED, STRAIN-HARDENED, pickle 

AND REFRIGERATED MATERIAL | ‘4 

before 

chloric 

SYNOPSIS “hee tl 

Fully softened 18-8 chromium-nickel steels stressed in tension and exposed to aqueous magnesium- om” ye 

chloride (42 wt-% MgCl,) solution at 154° C gave stress-corrosion cracking qualitatively similar to that say ¢ 

previously found (Part I) for the same steels in the ‘as-received’ (fully softened and slightly cold-worked) The 

condition. However, certain duplex steels that fractured at zero applied stress in the ‘as-received’ purifies 

condition did not fracture at applied stresses less than about two-thirds of the 0-1°, proof stress when hvdroy 

fully softened. . 

Plastic strain or sub-zero treatment applied to fully-softened plain 18-8 steel reduced the time to sponge 

fracture at any particular applied stress and increased the density of cracking. The quasi-martensite throug 

formed by either treatment probably provides especially active surface regions for the initiation of treated 
stress-corrosion cracks, but plays little part in crack propagation. 1221 stock. s 

and pl. 

. : Ay meter | 

Introduction stress-corrosion cracking in cold-worked steels under especia 

IN PREVIOUS PAPERS! 2 we have described the Small residual stresses (probably less than 3000 !b/in?) ing the 
stress-corrosion cracking of a number of 18-8-type —® susceptibility that could be removed by a softening tube, w 
austenitic stainless steels in boiling aqueous magne- treatment at 1050° C; and some of the steel wires used tus, wa 
sium-chloride (42 wt-°% MgCl,) solution, and have 1 Our previous work fractured in the as-received left. ove 
discussed its general mechanism. The materials used condition (fully softened and slightly strained mn pre pumpec 
were in wire form, and in the as-received condition nd uncoiling) at ud applied stress.? Scheil,* and once m 
had been commercially fully softened but slightly cold- Tofaute and Rocha,° found that certain steels that was hea 
worked by subsequent coiling and uncoiling. In the cracked at zero applied stress after mild cold-work the furr 
work now reported, we have examined the behaviour were resistant to stress-corrosion cracking after more peratur 
of materials fully softened in the laboratory after un- €Xtensive cold-work. ; - the low 
coiling, of deliberately strain-hardened materials, and It has long been recognized that many austenitic water, a 
steels can undergo strain-initiated diffusionless trans- the furr 
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EXPERIMENTAL TECHNIQUE 


Four of the steels (wire 0-02 in. in diameter) used 
in the earlier work—18-8 (b), 18—8—Ti (a), 18—8—Ti (6), 
and 18-8-3Mo (b)*—were used. After straightening 
and a suitable heat-treatment—steel 18—-8—3Mo (b) 
was heated for 1 h at 1150° C, and the others for } h 
at 1100°C—the specimens were water-quenched, 
pickled, given any other treatment required, and 
stored for about 6 days in a desiccated atmosphere, 
before being tested in boiling (154°C) magnesium- 
chloride solution containing 42 wt-°,, MgCl,. Table I 
lists the mechanical properties of the fully softened 
steels, together with their similar properties ‘as 
received’ for ease of reference. 

The heat-treatments were carried out in argon 
purified by being passed successively over potassium 
hydroxide pellets, magnesium perchlorate, titanium 
sponge at 800°C, and magnesium perchlorate, and 
through a liquid air trap. About 50 specimens were 
treated at the same time. They were cut from coiled 
stock, straightened, degreased in carbon tetrachloride, 
and placed in an unsealed silica tube (internal dia- 
meter c. 4 in.) to protect them from deformation, 
especially during quenching. The silica tube contain- 
ing the specimens was suspended in the main furnace 
tube, which, together with the ancillary glass appara- 
tus, was evacuated to a pressure of 1 y or less, and 
left overnight to out-gas. The apparatus was then 
pumped out again, filled with purified argon, evacuated 
once more, and refilled with argon before the furnace 
was heated; a slow stream of argon was passed through 
the furnace while it was heating up and was at tem- 
perature. When the heat-treatment was completed, 
the lower plug of the furnace was removed under 
water, and the specimens were allowed to drop out of 
the furnace to be water-quenched. 





*The analyses of the steels have already been 
reported. ? 


The specimens were then pickled in an aqueous 
solution of nitric and hydrofluoric acids (15°, HNO, 
and 2% HF) for 5 min at 50° C, washed thoroughly 
in warm water, rinsed in acetone, and allowed to dry. 
Immediately after pickling, some specimens were given 
special treatments; all specimens were then stored in 
a desiccator until required. 

Stress-corrosion tests were conducted in the appara- 
tus previously described? on specimens stored at room 
temperature for 4-10 days; the time to fracture is 
sensitive to the condition of the initial oxide film,? but 
exposure of pickled specimens to dry air at room tem- 
perature for 4 days or more ensures uniformity of 
their condition in this respect, as shown by preliminary 
stress-corrosion experiments. 

RESULTS AND INTERPRETATION 
Influence of Applied Stress on the Stress-corrosion 

Cracking of Fully-softened Steels 

The influence of applied stress, S, on the time to 
fracture, ts, of ten steels, as received, has already been 
reported.2 The relation between S and log,ofy can 
be represented by two merging straight lines, and may 
be characterized by the values of the time (s), and 
the stress, S,, at which the change in gradient occurs. 
For the purpose of comparison, it may be more rational 
to use the ratio between S, and the 0-1% proof 
stress, P; the values of this ratio, S,/P, together with 
the stresses S, and P, are included in Table II. The 
steels as received fall into two groups. Steels 18-8 (a) 
and (6), 18-8—LC (a) and (6b), and 18—10-Nb all yield 
values of S,/P in the range 0-6-0-75; these steels 
fractured only after a very long time (> 10° min), if 
at all, at zero applied stress. (Steel 18-8-Ti (a)—as 
indicated by the high proof stress and a pronounced 
ferromagnetic reaction—had clearly been considerably 
strain-hardened, and shows particularly high values of 
S, and S,/P; it may be a special case.) The remaining 
steels (18-8-Ti (b), 18-8-3Mo (a) and (6), and 











Table II 
CHARACTERISTICS OF 1og,,t7/S CURVES 
tpat Change _—S at Change 
in Gradient in Gradient 0-1% Proof 
Steel Condition of logiots/S of logots/S Stress, P, S,/P 
| curve, thc), curve, S., 10° Ib/in*® 
n 10° Ib/in* 
18-8 (a) As received 190 38 52-3 0-73 
18-8 (b) As received 160 37 51-6 0-72 
Fully softened 95 39 43 0-90 
| Fully softened, then mechanically 75 36 43 0.84 
| polished 
| Fully softened, then 4 h at —184° C 75 37 49 0-76 
| Fully softened, then pre-strained 70 35 56 0-62 
at 56,000 Ib/in? 
18-8-LC (a) As received 140 31 52-6 0.59 
18-8-LC (6b) | As received 455 32 44 0-73 
18-8-Ti (a) | As received 345 58 70-4 0-83 
| Fully softened 100 37 Ad 0-84 
18-8-Ti (6) | As received 85 9 51-5 0-17 
| Fully softened 70 33 42 0-79 
18-10-Nb As received 315 29 48.4 0-60 
18-8-3Mo (a) As received - 3 72-0 0-04 
18-8-3Mo (6) As received 100 8 72-3 0-10 
Fully softened 45 32 47 0-69 
18-10-3Mo-Ti As received 150 16 52 0-31 
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(a) Steels 18-8(b), 153° C; 18-8-3Mo(b), 154° C 
Fig. 1—Influence of applied stress on time to fracture 
of fully softened steels in 42 wt-°, MgCl, solution 


18-10-3Mo-Ti), on the other hand, show much lower 
values of S,/P; the cracking in these steels was more 
severe than in the first group, and specimens fractured 
at zero applied stresses in comparatively short times, 
presumably because of the presence of local residual 
stresses caused by quenching or straining. 

For the present work on fully softened steels, steels 
18-8 (b), 18-8—Ti (a) and (b), and 18-8-3Mo (6) were 
chosen as being representative of the different types 
of behaviour of the steels as received. Experiments 
were carried out on these steels, after heat-treatment, 
over the whole range of applied stress; the relation* 
between log, ff and S is shown in Figs. la and 6, and 
the values of ty), S-, and S,/P are given in Table II. 
No specimens fractured at zero applied stress. The 
values of S./P are all between 0-7 and 0:9, although 
it may be significant that steels 18-8-Ti (b) and 
18-8-3Mo (6b), which fractured at zero applied stress 
as received, show lower values of S,/P than the other 
two steels. 

The microstructures and the form of the cracking 
were generally similar to examples previously 
described.2 In all the steels the cracks were mainly 
perpendicular to the direction of applied stress, and 
showed little branching; but no examples of the very 
extensive complex cracking typical of steels 18—8-Ti 
(b), 18-8-3Mo (a), and 18-8-3Mo (4) in the as-received 
condition were observed. 

Thus, the as-received properties of the second group 
of steels 18-8-Ti (b), 18-8-3Mo (a) and (6), and 





* See Part I for similar curves. 
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(b) Steels 18-8-Ti(a), 152° C; 18-8-Ti(b), 153° C 
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fo} 25 : 
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Fig. 2—Influence of applied stress on the time to fracture 
of steel 18-8 (6b): fully softened (broken line); pre- 
Strained at 56,000 Ib/in?; and refrigerated at 
—184° C for } h, 152-153° C 
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7m metal or actual phase-change by 

strain, and which may also favour 

2 the local retention of residual 

S stress owing to the different ther- 

s mal and mechanical properties of 

$ the two phases. 

E-100 

= 

€ Influence of Previous Plastic Strain 

Zz and of Sub-zero Treatment 

Zz Fully softened specimens of steel 

9 18-8 (b) were subjected to one of 

Z iso ~s two types of mechanical strain. 

2 SH Fully softened One set of specimens was pre- 

> F-” fF (fF se Pre-strained stressed to 56,000 Ib/in® (equiva- 

5 ouee pena A lent to c. 8% strain) in the testing 
battery to produce a uniform 
strain distribution. Another was 
abraded lightly with 0000 emery 

-2005 25 75 100 and given a mechanical polish 


$0 
TIME, min 


Fig. 3—Typical potential/time curves for steel 18-8 (6) after various 
treatments; 44,000 Ib/in’?, 152-154° C 


18-10-3Mo-Ti—low values of S, and S,/P, fracture in 
comparatively short times at zero applied stress, and 
extensive complex cracking—are not exhibited by the 
representatives of the group (18-8-Ti (6) and 18-8— 
3Mo(b) ) when fully softened: they then behave very 
similarly to the first group of steels, whose as-received 
properties are not greatly changed by the most 
rigorous softening treatment. Evidently, the second 
group are much more susceptible to the influence of 
the small degree of cold-work occurring during the 
coiling and uncoiling of the wires. It is likely that 
this susceptibility is caused by their duplex structure, 
which may well favour the production of disarrayed 





(a) Fully softened, no quasi-martensite 


with alumina on a Selvyt cloth to 
produce strain in the surface layers 
only. A further set of fully soft- 
ened specimens was immersed in liquid oxygen at 
— 184°C for $h. 

The results of time-to-fracture stress-corrosion ex- 
periments over the whole range of applied stress are 
shown in Fig. 2 (to avoid confusion the results for the 
mechanically polished specimens are not plotted—the 
logiot7/S curve was almost identical with that given 
by the refrigerated specimens). The values of tyg), 
S,, and S,/P are given in Table II. 

Potential/time curves, taken at 
stresses, were generally similar to those previously 
obtained on as-received specimens*® *; some typical 


representative 





(6) Fully softened and pre-strained at 56,000 Ib/in?, 
Note quasi-martensite plates, especially at surface 


Fig. 4—Isolated stress-corrosion cracks; steel 18-8 (6), 44,000 Ib/in*®, 152-154° C x 250 
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body of the specimen does not influence fractur 
crack propagation. ein 
Metallographic examination confirmed crackin 
the presence of quasi-martensite in the of qua: 
pre-strained and in the refrigerated speci- marter 
mens, and it seems likely that the initiation wa—-% 
of cracks is favoured by quasi-martensite was fo 
regions on the surface. In fully softened did no 
specimens the relatively few cracks were ferenti 
mainly isolated (Fig. 4a). In the treated teweyn 
specimens (especially those mechanically get 
. . ; in the 
polished, or refrigerated), although some i saa 
isolated cracks were found (Fig. 4b), many ae 
similar 
small cracks, confined largely to the sur- aerere 
face layers, were present (Fig. 5). Many “ee 
of these cracks had apparently stopped ” Tt ‘ 
Fe eM OO ing tT a abe i: a aii sonwcoagice In = ~ produc 
7 a TS or ey: Ra a te Jo treated specimens, cracks were particu- 18-8 | 
Fig. 5—Shallow stress-corrosion cracks in steel 18-8(b) fully soft- larly numerous near the point of ultimate quanti 
ened and then refrigerated at — 184°C ee | 
for } h; 44,000 Ib/in?, 152°C x 250 es 
results are shown in Fig. 3. With un- 
stressed specimens, the potential rose to a The 
maximum and then fell slowly with the poerom 
onset of general film breakdown; the type st 
period of film repair, indicated by the time tion o 
taken to reach the maximum, was not almost 
significantly different in the as-received, eine 
fully softened, pre-strained, or refrigerated nes 
specimens. At low stresses, < S;, all the likely 
groups of specimens again gave curves —" 
similar to those found with as-received W ith | 
specimens, the rapid potential fall associ- practs 
ated with the onset and progress of crack plex. 
propagation occurring some time after bably 
general film breakdown. At higher stresses, rough! 
pre-straining or refrigeration appreciably then ri 
shortened the induction period before the — 
onset of cracking: as shown in Fig. 3, at duplex 
an applied stress of 44,000 Ib/in? the onset those 
of crack propagation occurred before that on slig 
of general film breakdown with the pre- Sear 
strained and refrigerated specimens, but . =? 
after with the fully softened. It is 
examination of specimens after fracture for an} 
showed that more cracks were produced failure 
in the pre-strained and in the refrigerated ly 
specimens than in the fully softened. The (Table 
potential/time curves (Fig. 3) show that thresh 
the period of rapid crack propagation, f,, Bindes 
and the extent of the potential fall during terial : 
crack propagation, were greater for the seen ap 
treated specimens, in harmony with the — lie 
trend observed when more cracks were thirds 
present in earlier experiments. 3? The But bo 
increase in t, probably reflects the smaller possib| 
current available for the propagation of sufficie 
each single crack when many cracks are (especl 
formed, rather than an alteration in the ey 
mechanism of crack propagation; and the — 
closely similar behaviour of the pre-strained Fi&- 6—Extensive cracking and quasi-martensite near the point of indicat 
and the mechanically polished specimens gee C for ¢ ns 40nes gn Re ooay ee ie 
indicates that any quasi-martensite in the (a) (above) x 250, (b) (below) x 750 ee 
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fracture (Fig. 6a)—a tendency noted previously? in as- 
received material. Such regions of particularly dense 
cracking often contained relatively large quantities 
of quasi-martensite (Fig. 66); it is unlikely that quasi- 
martensite could be produced during the cracking 
process at c. 150°C,° but it is possible that part 
was formed during handling after fracture. Cracks 
did not in general appear to be propagated pre- 
ferentially in quasi-martensite regions, although there 
is some evidence (Fig. 7) that cracks tend to follow 
quasi-martensite plates when these happen to lie 
in the general direction of cracking imposed by 
the applied stress. We have previously noted a 
similar tendency for cracks occasionally to follow 
suitably directed boundaries between austenite 
grains. 

It may be remarked that results similar to those 
produced by strain and by refrigeration on steel 
18-8 (b) may be expected to follow similar, but 
quantitatively less severe, treatments on the more 
susceptible group of duplex steels. 


DISCUSSION 


The present results confirm that the onset of stress- 
corrosion cracking at 154°C of fully softened 18-8- 
type steels in 42% aqueous magnesium-chloride solu- 
tion occurs only after a very long time at stresses 
almost as high as the 0-1% proof stress*; other work 
now in progress supports this conclusion.!® It also 
seems clear from previous work that failures are un- 
likely in heavily cold-worked material at applied 
stresses less than about half the 0-1°% proof stress.**°5 
With intermediate amounts of cold work (the usual 
practical state of affairs) the situation is more com- 
plex. The best interpretation of all the data is pro- 
bably that the stress S,—which corresponds very 
roughly to an apparent threshold stress—falls and 
then rises with increasing amounts of cold work; with 
some compositions, e.g. those with a pronounced 
duplex structure in the fully softened condition, or 
those that form large quantities of quasi-martensite 
on slight straining (such as 18—-8-Ti (6)), it may de- 
crease sufficiently with quite small amounts of cold 
work for fracture at zero applied stress to occur.?5 

It is thus extremely dangerous to attempt to define, 
for any 18-8-type steel, a threshold stress below which 
failure is unlikely to occur in practice. It is true that 
our values of S. for fully softened 18-8-type steels 
(Table II) correspond quite closely with the apparent 
threshold stress of 38,500 lb/in? found by Franks, 
Binder, and Brown,? and perfectly fully softened ma- 
terial is probably scarcely susceptible to stress-corro- 
sion cracking in hot concentrated chloride solutions at 
applied stresses less than, say, 25,000 Ib/in? or two- 
thirds of the 0-1°% proof stress (whichever is the less). 
But small amounts of plastic deformation, quite im- 
possible to avoid in practical fabrication, may be 
sufficient to cause such failure in some 18-8 steels 
(especially duplex alloys and those that transform 
especially readily when strained) with little or no 
applied stress. The data are insufficient at present to 
indicate if any, indeed, of the 18—8-type steels are free 
from this danger. Again, although heavily cold- 
worked material may be immune at stresses below 
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Fig. 7—Stress-corrosion crack and quasi-martensite 
remote from the point of fracture; same specime 
as Fig. 6 < 750 


half the 0-1% proof stress, such material could not 
be welded without leaving some regions in the partic- 
ularly dangerous condition. 

The present results are in general harmony with the 
mechanism of stress-corrosion cracking that we have 
previously advanced.? It seems that both pre-straining 
and refrigeration increase the number of potential 
surface sites from which stress-corrosion cracks may 
be initiated, and thus, at high stresses particularly, 
decrease the necessary induction period during which 
bare metal becomes exposed to the electrolyte, and 
increase the number of cracks produced. The addi- 
tional sites for crack initiation are probably at or near 
quasi-martensite plates in the surface; it may well be 
that the high local stresses associated with such plates 
are important in assisting the anodic process of crack 
initiation previously elaborated.? On the other hand, 
quasi-martensite in the bulk of the metal does not 
seem to play an important part in crack-propagation. 
It may be noted that many of the results of Edeleanu,? 
at first thought to support the view of the propagation 
of cracks along preferential paths of quasi-martensite, 
may be as well explained if quasi-martensite is im- 
portant, as we believe, in crack initiation rather than 
in crack propagation. 
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The Reproducibility of Test Results 


in an Experimental Sinter Box 


By C. Lang and J. M. Ridgion 


Introduction 
SMALL SINTER BOXES are frequently used to 
assess fuel requirements, air to sinter, time to sinter, 
etc., and the results obtained are used as design data 
for full-scale sinter plants. 

Single test results are subject to errors and nothing 
has been published indicating the probable limits of 
error when making single or repeat tests. 

Many duplicate and triplicate experiments have 
been made under controlled conditions on the 2-ft 
square sinter box at Warrenby in order to show the 
variation in the major parameters. The results 
obtained have been subjected to statistical analysis. 


Materials Used 
Quenza fines screened at — } in. were used, the size 
analysis being as follows : 


Size,in. +4 —3+4 -t+% -tetdh —& 
9 21-8 23:7 18-1 12-2 24-2 


/O 
As a preliminary, a stockpile of return fines was 
made from Ouenza and graded in three size fractions : 
—$4+3; —}+4; —}in. These fractions were 
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SYNOPSIS 


A study has been made of the variability of results obtained on 
the experimental sinter unit. The effect of changing from the 
normal to the segregated feed type box and of varying bed height 
has been statistically assessed. More reproducible results were 
obtained with the segregated feed box and with the deeper beds. 

1284 


subsequently used in the standard proportions 22-2: 


38-2: 39-6. 

The coke used was normal breeze, rod-milled to 
— fin. 

Variables Examined 

A sinter mix of standard proportions was used 
throughout. Each set of conditions was repeated 
seven times. 

The first series were carried out with a 10-in. bed 
height using 16-in. w.g. initial suction. Half the tests 
were done in the ‘ normal’ sinter box and half with a 
segregated feed using the special box illustrated in 
Fig. 1. Each group was further subdivided; in half 
(series A) the ore was screened at } in. and } in. and 
remixed in the proportions 21-8% + 4}, 23-7% 
—}+ },54-4% — } to limit the possibility of segre- 
gation in the fine ore stock: in the other half (series B) 
ore was taken direct from stock with the same average 
size grading but with a possibility of variations 
between batches. 

The remaining series were based on the ‘ normal’ 
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box with ore direct from stock but using bed heights 
of 8in. and 6in. In the latter tests the initial suctions 
were 13 and 9} in. w.g. respectively to maintain the 
previous level of pressure drop per unit height. 


Mixing and Sintering 


The sinter mix had previously been determined as 
being 59% ore, 254% return fines, 44°% coke, and 11% 
moisture. The ore and return fines were weighed and 
hand-mixed on the floor; the correct moisture addition 
was made whilst mixing continued and finally the coke 
was added. Each mixing operation resulted in three 
complete turnovers of the mix pile. The raw mix was 
then loaded by shovel into the ‘ normal ’ box (Fig. 1a). 
For filling the ‘ segregated feed’ box (Fig. 1b), the 
sliding end plates were lowered below grate level and 
an inclined plate supported in position AB. The mix 
was spread by shovel on to the inclined plate, this being 
slowly moved from right to left until it reached posi- 
tion CD. It will be seen that the effect is similar to 
that obtained by using a swinging spout feeding on to 
a fixed cut-off plate over a moving strand. With the 
box charged, the end plates were raised from ambush 
to give the standard sintering area of 2 ft x 2 ft. The 
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Fig. 1—Diagrammatic sketch of types of feed box used 
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A. A. ibs 4 lhe = 
2 < 6 8 10 12 \4 16 
TIME, min. 
Raw mix: 59° Ouenza, 254° return fines, 44°, coke, 11° moisture 


10-in. bed height. 16-in. w.g. initial suction 


Fig. 2—Variation in bed permeability during sintering 
(normal feed box) 


edges of the end plates were then clayed up. The 
sinter mix was levelled at the correct height and the 
box and mix weighed. 

The sinter box was placed on the suction chamber, 
the airflow before ignition noted, and the sinter ignited 
for 1 min at constant airflow. After ignition, the 
suction was raised to the desired level and held at this 
until the increased bed permeability prevented it being 
maintained because of the limit of the fan. 

Waste-gas temperature, airflow, and _ suction 
measurements were recorded every minute at the 
start and every half-minute towards the end of sinter- 
ing. The time to sinter was taken as the time from 
start of ignition until the maximum waste gas tem- 
perature. After sintering was complete, the box was 
removed, the loss in weight noted, and the sinter cake 
tipped. The cake was broken down to approximately 
3 in. maximum size and the sinter screened and the 
size fractions weighed. The sinter + } in. was crushed 
and a sample removed for a drop test. * 


RESULTS 


The detailed results for the test series are given in 
Tables I-III. Table I gives the data obtained using 
the ‘ normal’ box with a 10-in. bed height, Table II 
gives the corresponding figures for the * segregated ’ 
box, whilst Table III is for the ‘normal’ box with 
8-in. and 6-in. bed heights. 

A point of some interest which was observed related 
to the weight of raw material in the box, from which 
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Table I 
RESULTS : NORMAL BOX (10-in. BED HEIGHT) 
| Air Requirements, ft*® (S.T.P.) Permeability, B.P.U. | oe Sinter Cake | 
qe — ——\— ] Sinter-  -—_— | D e 
Test | penaty,| Sime | per ton |, Pe ee a 
te | | t t? + 4in.,|~— }in., ation, 
’ = Air Flow a. F sgl Pre-ign. Trough es mix % | 
Series A | 
2 109 134 4739 29,160 88 103 41} 76 19 | 41 31} 654 , 12 93-5 
6 111 14} 4863 29,370 84 96 41 72 18 | 364} 294 74 10 95-5 
“f 105 14 4380 28,000 78 112 36 6643 18 423 | 324) 72 11 94.2 
10 | 111 14 4503 27,170 803 99 41 | 67 | 224 374 214 73 10 93-5 
12 | 104 12} 4868 31,470 97 | 118 53 | 82 19 49 29 oe — 95-1 
14* 110 154* 6806* 41,480* 110* | 85* 50* 874* 20 444 | 33 68 114 95-5 
19 105 15 4780 30,900 793 65 39 64 19} 44 36 683 124 | 95-5 
Mean _ 108 14 4689 29,350 844 99 42 71 194 42 32 70 11 94.7 
| | 
Series B | 
20 105 13} 4750 30,390 894 105 46 78} 19 493 253 66} 12 = 
21 105 18} 4444 28,430 61 524 24 48 19 47 31 614 13 95-1 
23 103 13 4191 27,370 803 873 36 68 19} 40 37 67 124 94-4 
24 104 133 4377 28,290 794 93 31 674 20 473| 32 71 11} 94-2 
26 104 13 4739 30,660 91 — 45} 773 18} 42 363 73 103 | 94-0 
27 103 15 5208 34,000 87 724 35 78 | 183 40 383 683 114 95-0 
33 100 |= 13} 4637 30,910 874 853 39 77 173 423 39 684 11 93-7 | 
Mean 103 V4 4621 30,000 82 824 39 | 74 | 19 Ad | 273 684 114 94.4 | 








* This test has been neglected owing to the abnormally high air figure 
Raw Mix: 59°, Ouenza, 25} Return Fines, 4}° Coke, 11% Moisture. Normal Feed Box. 10-in. Bed Height. 16-in. w.g. Initial Suction 


is derived bulk density and air requirements per ton. constituents of the mix were weighed before mixing 
This is normally obtained by weighing the sinter box and the weight of unused residue observed. It was 
before and after filling, using a crane-suspended spring found that the difference in the estimate of weight 
balance with scale divisions at intervals of 7 lb. All sintered could amount to as much as 14 lb (4°) ona 











Table II 
RESULTS: SEGREGATED BOX 
Air Requirements, ft® (S.T.P.) | Permeability, B.P.U. risks On Sinter Cake 
Bulk | Time to — $$. | Sinter- — — D 
Test pensity, ‘Sinners per ton | jae || aan | teant™| Bt. | of Oni 
, t t t raw | + }in.,| — } in.,| tion, | 
_— P< es : der take |Pre-ign. Trough Average mix a ” ;) ss pears 
| | 
Series A 
9 105 11 5067 32,400 115 151 66 1053 17 | 523 | 323 64 114 — 
11 108 12} 5202 32,320 106 153 59 934 18} 463 25 62 13 93-4 
13 106 11} 5257 | 33,300 112 145 67 102 21 514 24 593 | 124 
15 105 12 5050 | 32,320 105 1373 56 94 21 473 23 65 | 114 95.2 | 
16 964 103 4703 | 32,700 112 145 66 993 19} 394 314 634 12 | 95-2 
17 102 103 4595 30,300 1093 125 62 97 184 47 29 72 13 95-1 
18 105 11 5091 32,570 1153 { 117} 684 1013 20 41} 273 63 123 93.4 
Mean 104 11 4995 32,270 111 | 139 634 99 19 463 273 64 123 94.5 
Series B 
22 105 12 4663 29,840 97 125 51 85 21 41 29 66 12} 94.4 | 
25 105 12 5167 33,060 1073 1223 56 99 18 48 23 724 10 92-6 
28 100 11 4665 31,360 106 1264 553 924 17 36 373 664 12} 94.3 
29 103 114 4897 31,960 1063 110 50 96 183 a7. 37 67 12 92-7 
30 102 113 4453 29,400 97 924 44 833 19} 31 38 68 11 91-6 
31 100 11} 5125 34,310 114 132 65 107 22 46 294 70 11 93.7 
32 102 11 4603 30,370 1043 127} 58 963 223 42 , 343 59 12 93-3 
Mean 102 114 4796 31,470 , 1044 | 1194 54 94 193 40 324 67 11} 93.2 
| | i 











Raw Mix: 59°, Quenza, 25} Return Fines, 4}% Coke, 11% Moisture. Segregated Feed Box. 10-in. Bed Height. 16-in. w.g. Initial Suction 
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Table III—RESULTS: NORMAL BOX (8- AND 6-in. BED HEIGHT) 
Series 2 
8-in. Bed Height. 13-in. w.g. Initial Suction 
Air Requirements, ft® (S.T.P.) Permeability, B.P.U. Sinter Cake 

Loss on j 
ee Bulk = Ti t -- —— ——| — —— Sinter- : : D | 
c Nat Denaity,| sinter.) | per ton | oor get ing Strentth! Dart | of Oxi | 
~~ P b ft t er ft aw + }in., — }in., dation, | 
ic Air Flow apie gar min Pre-ign. Trough Average mix 5  '@ ates | 
— | 
| 
s 37 105 15 4023 32,190 67 48 28 513 20 43 354 72 113) 95-0 | 
2 38 | 100 11 3704 31,180 84 60 28 704 20 40} 364 66 12 95.3 | 
5 39 98 10 3663 31,430 923 94 39 79 20 343 39 63 12 92.8 | 
2 42 106 114 3785 29,900 82 75 38 71 19} 384 32} 66 13 93-6 | 

, 44 1033 104 3345 27,080 794 60 35 63 19 41 34 69 113 94-5 
l 46 1024} 11} 3804 21,150 84} 623 34 73 19 473 | 283 65 | 12 | 93-8 | 
; 47 1033 114 3782 30,650 82 | 64 34 573 16} 39 37 63 12 94.4 | 
‘ Mean 102} 11} 30,510 814 66 334 66} 19 40} 344 66 12 94.2 | 
Series 3 
l 6-in. Bed Height. 9}-in. w.g. Initial Suction | 
i oo ; 7 me P | 
2 34 1013 104 2427 26,720 573 55 27 44 17 16} 52 603 144 93-3 | 
) 35 98 104 2477 29,860 63} ~3— 51 28 48} 18 31 463 «57,—s«é4”Ci‘(“é‘é8*'CS 

) 36 = 103 8} 2788 30,240 84} 76 32 67} 20 344 444 «554 «134 93-7 
j 40 96 73 2490 28,960 83 85 41 68 193 19 43} 59} 144 94-6 | 

41 100 9 2512 28,200 70 59 26 54 17; | 31 40} 574 134 94.2 | 

43 100 } 2787 = 31,290 90 85 354 71 17} 354 38 56 14 94.6 | 
i 45 91 rf 2192 26,950 78 69 37} 63 21 353 33 56 12} 94-3 | 

Mean 98} 8} 28,800 75 68} 324 594 18} | 29 42) 573 | 134 94.0 
ing Raw Mix: 59% Ouenza, 25} Return Fines, 4}°, Coke, 11°, Moisture. Normal Feed Box. 
yas 
ht Table IV 10-in. bed and proportionately more on the small bed 
la STATISTICAL ANALYSIS OF RESULTS height), the spring balance weights being lower in 80°, 
mor cai: Seaiend: Seaeaadh Youaiad of the instances. Spring balance weights have been 
gated used throughout in the tabulated results. Considera- 

Depth of bed, in. 10 10 8 6 tion is being given to improving weighing facilities for 
_ the future. 

Air per ton, ft® : F = ode . 

Mean 31,870 29,700 30,510 28,800 In considering the results in general, it is convenient 
-e Standard deviation 1485 2035 1668 1678 to deal first with possible effects of the special pre- 
4 Coefficient of variance ¥ ‘ cautions taken in series A to ensure more consistent 
; gue lactase wees — FF 6 size analysis of the ore. Statistical tests* were applied 

Vv, ° 0.9 1.4 1.5 1-6 to assess the significance of differences in average 

values of parameters A and B. The differences were 

Total Airflow, ft not significant, ¢ reaching a value of 1-5 in one case 

ene —— 4 es wi —. only and being mostly less than 1-0. Test No. 14 was 

andard deviation ee ies Sie aa I aa 

Caniinhent of vortance shown to be completely outside the general range of 
(SD/M), %, 5.5 5.8 5.5 8.3 variation; it was therefore discarded. 

Standard error of C of As the hypothesis that series A and B were distinct 

V, % 10 061-1 15 62-2 had no experimental support, they were combined 

Average Permeability, B.P.U. with each other and the differences between * normal ’ 

| Mean 96-5 71-0 66-5 59-5 and ‘ segregated ’’ box results examined. Table LV 

, Standard deviation 6-7 9-0 9-6 10-6 gives the relevant statistics. 

Coefficient of variance Taking as an example the mean air requirements 
| Pe: Set of C of + an ee ee per ton for the 10-in. beds, segregated and normal, it 
) 7 OF 2 2.5 3.9 4.7 will be noted that the difference between the means is 
| 2170, the significance of which is to be tested against 

Sintering Time, min the combined variance of the two series. This test 
are tiie, eer a a ge gives ¢ = 3-2, a result which would only arise by 

Coefficient of variance 

(SD/M), “% 4:9 10-3 14-1 15-6 * The statistic ¢ referred to is the ratio of the difference 
| Standard error of C of in means to the standard error. Tables exist giving the 
V, %o 0-9 2-0 3-7 4.2 probability that a given value of ¢ may have arisen by 
=a! chance. 
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Fig. 3—Variation in bed permeability during sintering 
(segregated feed box) 


chance once in a hundred, i.e. the difference is signi- 
ficant. In fact, all the parameters in Table IV show 
significant differences between the ‘ segregated ’ and 
‘normal ’ tests. On the other hand the size analysis of 
the products did not disclose any significant differences. 

The coefficient of variance (standard deviation as a 


percentage of the mean), being based on a limited 
number of results from a potentially large population 
of tests, is only an estimate of the true value and has 
a standard error as shown in Table IV. Thus the first 
coefficient of variance (air/ton, segregated), is 4-7°, 
with a standard error of 0-9°% which means that there 
is a 95°, chance that the true coefficient of variance 
lies within the range 3-8-5-6% (C. of V. + S.E.). 
In general the segregated test results are less variable 
than those obtained with normal feed. These con- 
siderations also apply to the variations in permeability 
throughout the sintering period (see Figs. 2 and 3). 

For the shallower beds, permeability and sintering 
time become more variable as the height decreases. 
It is also to be noted that the size analysis and strength 
tests show progressive deterioration as the bed is 
reduced in height to 6 in. 

It is often useful in deducing air requirements per 
ton from a series of tests to make use of the formula: 


26900 F 


t= 2VB 
where f = sinter rate (in./min)— 
F = sintering airflow (ft/min) 


Il il 


A grate area (ft?) 
V = air/ton of raw mix (ft® at S.T.P.) 
B = bulk density (lb/ft*) 


by plotting f against F/B and deducing V from the 
slope of the resulting line. This has been done in 
Fig. 4 which shows two straight lines for ‘ normal ’ 
and ‘ segregated’ data corresponding to 29,900 and 
32,200 ft?/ton respectively. This difference, also ob- 
served in Table IV, is most probably due to increased 
leakage at the end-plates of the segregated feed box 
despite the precautions taken in claying up. Allair/ton 
figures do of course include a certain amount of leakage 
at the edges of the sinter cake and through cracks. 


PROBABLE ERRORS IN SINTER BOX TESTS 


In carrying out tests on the sintering characteristics 
of various ores and mixes, it is necessary to vary a 
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@ 10° BED ORE GRADED - 16" WG. SUCTION 
@ 10" BED ORE AS RECEIVED - 16” WG SUCTION 4 : 
O'S} x 8” BED ORE AS RECEIVED - 13" WG. SUCTION SEGREGATED FEED BOX 


B 6" BED ORE AS RECEIVED - 94 WG SUCTION 


SEGREGATED BOX 


© 10" BED ORE GRADED - 16" WG. SUCTION 
@10" BED ORE AS RECEIVED — 16” W.G. SUCTION 


SINTERING RATE, in,/min 





1 i 








at 1 





3 
AIR FLOW ON 4 ft2(ft3/min) 


n°) 40 





RATIO 


BULK DENSITY(Ib/ft*) 


Raw mix: 59% Ouenza, 253% return fines, 44° coke, 11°, moisture 


Fig. 4—Relationship between air flow/bulk density rates and rate of sintering 
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number of factors such as proportions of fuel, moisture 
and return fines, and depth of bed. Asa result, despite 
intelligent selection of the most useful combinations 
for study, a considerable number of different box tests 
are needed. This makes it impracticable to perform 
numerous repetitions of each experiment. A know- 
ledge of the accuracy to be expected from averaging 
two, three, or four test results is therefore most 
desirable and the various statistics derived from the 
present work are most relevant to the problem. 

It is not possible to lay down tolerances of general 
application; where small numbers of test data are in 
question, each case must be examined in detail. In 
a series of triplicate tests carried out at three levels of 
return fines, for example, the average values for sinter- 
ing time are based on three results but the average 
air ton figures may be derived from nine experiments 
if, as is probable, it can be shown that the entire series 
of results is in accord with a common air/ton value. 
A similar case arose in the present series where it was 
demonstrated that a total of 14 tests from series A 
and B could be combined to give common statistics. 

If we take the present results of 14 tests we can 
deduce the probable errors which would have obtained 
in sets of 3 or 4 tests. Even here we have access to 
but 14 results from a very large number which might 
have been done. For simplicity it will be assumed 
that the mean values and standard deviations derived 
from the series constitute a sufficiently accurate guide 
to the corresponding statistics for the wider potential 
population of results. On this hypothesis it may be 
shown that if tests are carried out, the difference 
between the mean thus obtained and the true mean 


may be expected to exceed 1-967, (where a is the 


standard deviation from Table IV) in only 1 case in 20. 

As an example we may take the figure of air/ton 
from Table IV (segregated feed results) where o = 
1485. Then the following differences from the true 


mean value may be expected to arise on 5°% of all 
occasions: 


Number of Tests Difference Term 


] 2695 
2 1907 
3 1556 
4 1345 
5 1205 
10 853 
14 721 


The appropriate number of tests to carry out is a 
compromise and must remain a matter of opinion but 
in general it appears that triplicate results are not 
inappropriate for normal work. 

Under conditions similar to the present segregated 
feed series, triplicate tests would give a 20 to 1 chance 
of being within 6° of the true values of the charac- 
teristics set out in Table IV. For the * normal’ series, 
sintering times would be liable to errors 24 times as 
great. 

SUMMARY AND CONCLUSIONS 

A large number of replicate sinter box tests has been 
carried out to assess the variability of the technique. 
It has been shown that the results using —} in. ore 
are not unduly sensitive to the sampling variations in 
size analysis so that conventional methods of taking 
the ore sample are adequate. 

Comparison of results using the segregated feed box 
with those obtained by the normal technique showed 
significant differences with a higher air ton, higher 
permeability, and lower sintering time for the segre- 
gated box, conditions of constant suction obtaining in 
each case. Data from the segregated feed box were 
less variable than the others. 

Tests with a smaller bed height showed rather more 
variability. 

The results obtained from single tests are shown to 
be subject to appreciable error and this error is con- 
siderably reduced by averaging the results of triplicate 
tests. 
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Variation in Fatigue Properties Over 
Individual Casts of Steel 


Part I—INVESTIGATION OF A CAST OF STEEL TO B.S. 970 
SPECIFICATION En. 100 


By E. Ineson, B.Sc., F.I.M., J. Clayton-Cave, and R. J. Taylor, B.Sc., F.S.S. 


THE METALLURGICAL STRUCTURE of com- 
mercial steel ingots has been fairly thoroughly 


investigated over the past 25 years and a relatively 
complete knowledge now exists concerning their 
somewhat heterogeneous nature.!. Rather less is 
known, however, about the influence of this hetero- 
geneous ingot structure on the mechanical properties 
of rolled and forged products of an ingot, though 
some effort has been made to relate the two. 

The numbers, types, and distribution of non- 
metallic inclusions are closely related to the cast 
structure of an ingot and particular attention has 
been paid to a study of these in this work. Many 
methods have been proposed for assessing the non- 
metallic inclusion content of steels; and _ several 
methods of inclusion counting have been adopted 
and standardized by various bodies as acceptance 
tests for steels. This somewhat arbitrary action has 
partly arisen from speculation on the supposed effects 
of inclusions on mechanical properties and must 
inevitably have led to undue caution in selecting 
steel for particular purposes. 

Fatigue tests have proved to be most sensitive 
to those variations in quality of steels which are 
important in practice. In recent years, Frith? has 
carried out a comprehensive programme of fatigue 
tests aimed at establishing more definitely the 
influence of various metallurgical factors, including 
non-metallic inclusions, on the behaviour of steels 
in service. One result of Frith’s work was that only 
certain types of inclusion, particularly non-deform- 
able spherical silicates, were found to be harmful; 
and even these only appeared to exert a serious 
effect at strengths greater than 100 tons/in? U.T.S. 
Much of Frith’s work was carried out on material 
selected from one part of one ingot from any given 
cast, and there still remained the questions of whether 
a variation in properties could be expected from bars 
rolled from different positions of the same ingot and 
also whether different ingots from the same cast 
would have similar properties. Frith was able to 
explore these points in a limited way, from which he 
concluded that there was reasonable agreement 
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SYNOPSIS 

An investigation is being made to establish whether or not 
the fatigue properties of the rolled products of commercial steel 
ingots vary significantly firstly within an individual ingot, and 
secondly from ingot to ingot in a given cast of steel. The present 
paper is concerned with a typical cast (bottom poured) of acid 
O.H. steel made to B.S. 970 specification En. 100. Five hundred 
test pieces, hardened and tempered to a nominal U.T.S. of 60-065 
tons/in?, were tested in fatigue according to a statistically designed 
experiment. Supplementary metallurgical information regarding 
composition variations, distribution of non-metallic inclusions, 
hardenability, and tensile properties was also accumulated. 

It has been shown that the longitudinal fatigue properties are 
relatively uniform throughout this cast of steel. The only noticeable 
variation was at the top of an ingot which showed slightly better 
properties but is considered to be unimportant from a practical 
point of view. The dispersion of non-metallic inclusions, of the 
types and sizes usually observed in this class of steels, was relatively 
uniform throughout the cast; but examination of the fracture 
surfaces showed no evidence that any inchisions were responsible for 
the initiation of the fatigue failures. 1311 


between fatigue results obtained from different ingots 
of the same cast, but that there was a variation in 
fatigue properties for bars rolled from different 
positions of the same ingot. However, because of 
the limited scope of these experiments, the results 
were inconclusive, and it was suggested that a full 
exploration of these possible variations should be 
undertaken. 

This problem was undertaken by the B.I.S.R.A. 


Fatigue Testing Laboratory and_ several typical! 
vasts of steel were made available, from which 


representative ingots were selected. An overall plan 
was prepared whereby the behaviour of the steels 
should be explored at various levels of tensile strength, 
and, in view of the well-known scatter of fatigue 
results, a statistical approach was adopted. An 
initial experiment had previously been carried out to 
assess the variability of the batch of fatigue testing 
machines to be used in the investigation.? 

One of the steels chosen was an acid O.H. cast made 
to B.S. 970 specification En. 100, and the present 
paper is concerned with the results obtained for this 
particular steel, heat-treated to a nominal U.T.S. 
of 60-65 tons/in?. 

METALLURGICAL DETAILS OF MATERIAL 
Supply of Material 

The material used for this part of the investigation 
was obtained from three ingots taken from a com- 
mercial cast of acid O.H. steel to B.S. 970 specifica- 
tion En. 100. The heat of approximately 45 tons 
was cast by bottom running into 33 ingots, consisting 
of five groups of six ingots, followed by a two-way 
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and a single ingot. Figure 1 shows the dimensions 


'h"R . 
; of an ingot. 
The choice of ingots and ingot positions for investi- 
‘ 1 gation in relation to the whole cast is shown in 





I25he"sq 


diagrammatic form in Fig. 2. This figure also 
illustrates the stages of rolling from the ingots to 
§-in. dia. bars and the method of identification. 



























































Me"R | \Wla'sqy The ingots were hot-rolled, the top end entering first, 
, Fs in a 27-in. 2-high reversing cogging mill to approxi- 
; | r mately 8 in. x 6 in. A 12}% discard was cut from 
’ * be the head and rolling then continued to 5-in. square. 
=. 14% sq. At this stage the rolling reduction given to the top 
Pa | of the ingot was approximately 88°, against a 
-- reduction of approximately 83% to the bottom of the 
| ingot. After cutting a 2° bottom discard, the product 
of each ingot was cut into five equal pieces. The 
| billets were placed in a slow cooling pit after rolling. 
' Five of the 5-in. square billets were selected, three 
| | representing the top, middle, and bottom portions of 
eo ingot J and the other two representing the middle of 
= ingots 13 and 31. These billets were reheated and 
‘~~ | rolled to 3-in. Gothic and subsequently re-heated 
7 : again and rolled to {-in. dia. bars. This re-rolling 
| l involved a further rolling reduction of approximately 
| 984°, from the 5-in. square billet stage. 
| At all stages of rolling between ingot and {-in. 
| bar, examination was made for defects. Great care 
| was taken to ensure that the identity of bars with 
| | ' respect to the original ingot and ingot position was 
| known exactly. 
j Examination of Structure and Mechanical Properties 
t ! | of the Material 
| 125/a" | Analysis and  Segregation—The cast analysis 
biscoearetteal together with check analyses for the five ingot 
positions are given in Table I. These results show 
"W2"R that the steel is well within specification and there 
——- does not appear to be any significant difference in 
re composition between any of the ingot positions. In 
ie addition, spectrographic tests were made for other 
= elements and the results were identical for each ingot 
— position (Cu, 0-1%; Va, 0-01%; Sn, 0:02); and Co 
4 and Al both less than 0-:02%). 

Pie However, it is known that certain elements tend 
to segregate in particular regions of an ingot and to 
investigate this possibility, sections cut from 5-in. 
billets were sulphur-printed. The sections used for 
this were immediately adjacent to and representative 

Fig. 1—Details of ingot of the original ingot positions. The sulphur prints 
Table I 
CHECK ANALYSIS ON SAMPLES FROM THE FIVE INGOT POSITIONS 
Ingot 1 
Composition, Specification Cast Ingot 15 Ingot 31 
wt-°, B.S. 970 En. 100 Analysis Middle Middle 
Top Middle Bottom 
Carbon 0-35-0.45 0-38 0.37 0.35 0-36 0.37 0.38 
Silicon 0-50 max. 0.25 0.24 0.24 0.24 0.25 0.23 
Manganese 1-20-1-50 1.44 1.48 1.48 1.47 1-50 1-48 
Sulphur 0-50 max. 0-036 0-039 0-038 0-039 0-040 0.039 
Phosphorus 0-05 max. 0-025 0-037 0-035 0.034 0-035 0-036 
Chromium | 0-30-0-.60 0.42 0.42 0.42 0-43 0.42 0.42 
Nickel 0-50-1-00 0.57 0.58 0-58 0-58 0-58 0.57 
Molybdenum 0-15-0-25 0.15 0.17 0-18 0.17 0-18 0-18 
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Fig. 2—Details of cast 


showed a marked central square for the bottom and 
middle portions of the ingots, but the section repre- 
senting the top of ingot 1 showed no indication of a 
central square. 

The diameter of the critical section of the test 
pieces used in this research was 0-3 in. and as there 
was evidence of sulphur segregation, the centres of the 
f-in. dia. bars were examined for composition varia- 
tions. Samples were drilled (0-3-in. dia. drill) from 
the centre of each bar used in-the experiment. The 
results of the analyses of these samples are shown 
in Table IT. 

These results, whilst conforming to the steel speci- 
fication, indicate a slight increase in the carbon, 
sulphur, and phosphorus contents towards the top 
of ingot J. The carbon content for the middle 
portions of ingots /5 and 31 is also slightly higher 
than the corresponding value for the middle portion 
of ingot J. 

Response to Hardening —Conventional Jominy End- 
Quench tests were carried out on samples from each 
of the five ingot positions. In view of the fact that 
only {-in. dia. bars were available, it was not possible 
to use standard test pieces for this purpose. A sub- 
standard diameter of ?in. was therefore adopted. 
The curves obtained showed no marked difference 
and were in agreement with those determined by 
Allsop and Steven! for this class of steel. 


Table II 


ANALYSES OF SAMPLES FROM THE CENTRE OF 
g-in. DIAMETER BARS REPRESENTING THE 
FIVE INGOT POSITIONS 


(Each entry is averaged from analyses of ten bars) 











Ingot 1 Ingot 15 Ingot 31 
Bars Bars Bars Bars Bars 
Composition, 4°13 | 19-28 | 34-43 49-58 64-73 
° Top Middle Bottom Middle Middle 
Carbon 0:39 0-35 0-34 0-38 0-38 
Silicon 0-24 0-23 0-23 0-23 0-23 
Manganese 1-45 1-42 1-42 1-46 1-41 
Sulphur 0-046 0-039 0-039 0-041 0-040 
Phosphorus 0-038 | 0-033 0-031 0-033 0-033 
Chromium 0-39 0-39 0-39 0-41 0-41 
Nickel 0-62 0-62 0-63 0-62 0-61 
Molybdenum 0-18 0-18 0-18 0-18 0-17 
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However, the information provided by the end- 
quench curves was not considered to be a sufficient 
guide to the actual hardness which fatigue test 
pieces (at 0-3 in. dia.) would attain after a given 
heat-treatment, particularly in view of the presence 
of a marked central square of varying size exhibited 
by the sulphur prints from the different ingot posi- 
tions. The authors are indebted to Mr. H. Allsop 
of Brown Bayley Steels for assistance at this stage in 
carrving out extra tests to provide information on the 
hardness variations across the {-in. dia. bar after 
various heat-treatments. The tests were performed 
on thin discs cut from the ?-in. dia. bars, Nos. 8 
23 and 38 (see Fig. 2) representing the top, middle and 
bottom of ingot 7. The heat-treatments given and 
the results of hardness explorations across the sections 
are indicated in Fig. 3. It is apparent from these results 
that the centre of bars 23 and 38 (representing the 
middle and bottom of ingot) tends to be low in hard- 
ness, whereas the hardness of bar 8 (top of ingot) is 
somewhat higher and does not differ appreciably across 
the section. The relationship between the hardness 
traverses and the presence of a central square is 
clearly indicated if Fig. 3 is compared with Fig. 4 
which shows the macrostructure of the three discs 
after isothermal treatment. The examination was 
completed in the B.I.8.R.A. laboratory by examining 
discs cut from bars representing the middle portions 
of ingots 15 and 31, and the hardness values obtained 
after the quenching and tempering treatment are also 
shown in Fig. 3. It is significant to note that if a 
diameter of 0-3 in. is considered, the hardness is 
relatively constant for all ingot positions with excep- 
tion of the top of ingot Z which shows slightly high 
values. 

Grain Size—The austenitic grain size of samples 
representing the different ingot and cast positions 
being studied was measured and found to be 
A.S.T.M. 7. However, there was a wide variation in 
grain sizes within any one sample, the limits being 
A.S.T.M. 5 and A.S.T.M. 8. No difference existed 
between the samples from the various ingot positions. 


Non-metallic Inclusions—The inclusion content of 
material representing the five ingot positions was 
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determined by a modified method of inclusion count- 
ing devised in the laboratory. Samples 0-5 in. x 
9-3 in. were examined at a magnification of x 360 
diameters (equivalent to an actual field of view of 
0-37 mm dia.). The surface examined was a longi- 
tudinal section, 0-5-in. long cut along a diameter of 
a 0-3-in. dia. bar, turned from the original {-in. dia. 
stock. Sixteen fields were surveyed, chosen in a 
systematic manner to eliminate any personal element 
in selection. Three samples were examined for each 
ingot position, i.e. 48 fields of view. 

In determining the inclusion counts, the inclusions 
in each field of view were identified and each type 
classified into various sizes depending on their widths. 
The length of the longest inclusion observed for each 
type was also recorded. The counts obtained are 
shown in Table III. 

In expressing the final results of the counts, the 
number of inclusions found in each size range, for the 
various types, is given as an aggregate together with 





(a) Top 


OCTOBER, 1956 


(b) Middle 


the length of the longest inclusion observed. The values 
quoted are for total number of inclusions observed 
in 48 fields or in 4-6 mm? of the sample. 

The majority of inclusions were of the manganese 
sulphide type and some of these were associated with 
silicate inclusions. There tend to be more silicates 
towards the top of ingot J and more oxides towards 
the bottom of the ingot. 


Tensile Properties 

A tensile blank was selected from the same relative 
position in each of the 50 separate {-in. dia. bars 
used in the investigation. The heat-treatment of 
these blanks was identical to that used in the prepara- 
tion of the fatigue test pieces (oil-quenched from 850° C 
followed by tempering at 625°C). It was not possible 
to heat-treat a batch of 50 blanks together, but the 
30 blanks representing ingot J were treated together 
and the remaining 20 blanks, representing the middle 
portions of ingots 15 and 31, were treated as a second 





(c) Bottom 
Fig. 4—Macrophotographs of j-in. dia. bars from different postions of ingot < 2 
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Table III— INCLUSION COUNTS FOR EACH INGOT POSITION 





























Total for range of sizes of widths 
| x 0-0035 mm Longest 
Position | Type of Inclusion Se ee ee ae ee ee | ee. General Remarks 
| lee | os | oe | wee | oe | Oe | 
| 
| | 
Ingot 1 Top | Aluminium oxide 5 3 — — — 3-0 Aluminium Oxide 
| Silicate 40 4 — — 1 8-0 Found usually in 
Manganese Sulphide 1425 1 — — — 20-0 stringers in isolated 
Other Oxides | 7 4 — | — — 5-0 patches 
| | Silicates 
| | | | Often associated with 
Ingot 1 Middle | Aluminium Oxide 2 — — — — 3-0 MnS. Two main 
| Silicate 48 2 1 1 — 7-0 types observed: (1) 
| Manganese Sulphide; 1298 | — — — — 38-0 hard slightly de- 
| Other Oxides 10 | — — | — = 3-0 formable, (2) de- 
| formable varieties 
ES | | | 
Ingot 1 Bottom | Aluminium Oxide 21 — —_ — 3-0 Manganese Sulphide | 
Silicate 23 — 2 — 4-0 Generally evenly} 
Manganese Sulphide 1595 -- - 27-0 distributed. Often | 
| Other Oxides 34 10 —_}]— — 4-0 assoc. with silicates | 
| | 
fi ae Poe ae hoa 
| 
: | ci ; Other Oxides 
Ingot 15 Middle | — Oxide P4 = 22 = = Fate Usually found in iso- | 
| Manganese Sulphide} 1774 — — | — , — 19-0 ee ae cee | 
| Other Oxides 1 — —_|;~—]— 3-0 eo | 
| | | other types 
Ingot 31 Middle | Aluminium Oxide “Se oot ee 3-0 
| Silicate | 7/—/]/—);—]-— 4-0 
| Manganese Sulphide | 1777 cee -— -— -- -19-0 
| Other Oxides — |— — | — — — | 
| 





0-35 mm dia.) and for an area of approximately 4-6 mm’. 


batch. Tensile test pieces of 0-564 in. dia. were 
prepared and tensile tests carried out in conformity 
with B.S.18. Table IV lists these results. 

There is no indication of differences between results 
from the middle portion of ingots J, 15, and 317 but 
the top of ingot J shows an increase in tensile strength. 
These inferences are confirmed by analysis of variance 
(for U.T.S.)—see Table V. 

DESIGN OF FATIGUE EXPERIMENT 
Planning 

The primary aim of the experiment was to compare 

the fatigue properties of material chosen from five 


Table IV 


TENSILE TESTS ON PIECES REPRESENTING 
THE 5 INGOT POSITIONS 


(Each entry is averaged over ten tests) 





The range of sizes and the size of the longest inclusion indicated above are for a magnification of 


< 360 (equivalent to a field of view of 


different ingot positions within a cast of steel. It 
was essential that all other factors, which might 
influence the test results, be eliminated or at any rate 
balanced between the ingot positions. The use of 
more than one testing machine, choice of stress levels, 
variations along a bar, and variitions in batch heat 
treatment are possible factors which can bias test 
results. 

The experimental plan used in the present investi- 
gation is illustrated, in part, for one ingot position in 
Table VI. 

In this arrangement, it can be seen that one and 
only one test piece from each bar is tested at each 
different stress level and in each of the ten machines. 
Further, the first test piece from each bar is tested 


Table V 

















ANALYSIS OF VARIANCE: TENSILE TESTS (U.T.S.) 

Position Yield| | U.T.S., | Elongation | Reduction | 
iningot “teeny | tonsiint | on'dy'a,% | In-area, % Seta 

| | | 

Ingot 1: Between ingots 1, 2 0.0544 0.44 
top | 57-4 | 63-9 | 22 | 54 15 and 31 Non | 
middle | 56-5 62-3 | 22 | 54 | | Significant | 
bottom 55-7 | 62-1 23 55 Between top, | 2 10-7110 | 86-8 
Ingot 15: middle and bot- | | Highly | 
middle 56-6 | 62-7 23 | 57 tom of Ingot1 | significant | 
Ingot 31: Residual | 45 0.1234 peti 
middle 56-3 | 62-7 | 22 56 Total 49 — — | 
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Table VI 
PLAN OF EXPERIMENT 





Machine Number 
Stress Level ; 2 , . 7 8 ie a 





36:25 | 3a* 4b 5c 6d 7e 8f 9g 10h Ili 12j 
36-00 4a 5b 6c 7d 8e %f 10g 11h 121 3 
34-00 12a 3b 4c 5d Ge 7f 8g 9h 101 11j 











* The numbers shown in the cells represent ten consecutive bar 
numbers and the letters represent test pieces cut in consecutive 
order along each bar 
in machine number one, the second test piece in the 
second machine and so on, the tenth consecutive 
piece being tested in machine number 12. 

Repeating this programme for each of the five 
ingot positions permits a comparison of the fatigue 
properties of each, completely independent of 
machines and stress levels. 

A total of 500 tests were involved in the complete 
investigation and slight changes in the conditions 
of the tests were conceivable during the testing 
period. To avoid a time bias, it was arranged to 
test in stress level order; that is, bars from each 
ingot position were tested more or less simultaneously, 
making any differences, due to the time factor, 
indistinguishable from those due to a stress factor. 


Choice of Stress Levels 

Conventional S/N determinations were made using 
material chosen from each of the five ingot positions 
and eight of the ten stress levels were decided on this 
basis (covering the range from + 34-50 to + 36-25 
tons/in? by intervals of + 0-25 tons/in*). The re- 
maining two stress levels were reserved to complete 
the stress band. Not all test pieces remained 
unbroken at -+ 34-50 tons/in?, and so_ the 
remaining stress levels were allocated to + 34-25 
and + 34-00 tons/in?. Every test in which the test 
piece remained unbroken was stopped after 30 x 10° 
cycles were completed. 
Heat-treatment of Test Bars 


The furnace used for heat-treatment had a limited 
capacity and it was necessary to arrange for treatment 
in batches. The furnace could handle batches of 
about 30 test pieces at one time. Thus it is decided 
that the batching should be in the order indicated 


Table VII 
FATIGUE PARAMETERS OF INGOTS 1, 15 AND 31 











Fatigue Limit 
Position —_ ae _ Fatigue ratio 
in F.L. (95%): 
Ingot 95% 50% U.T.S. 
+ tons/in* + tons/in*® 
Ingot 1: 
top 34-3 (10-5) | 35-5 (+0-3) 0.537 
middle 32-9 (11-0) | 34-1 (+0-4) 0-528 
bottom = 32-5 (+1-6) | 33-9 (+0-7) 0.524 
Ingot 5: 
middle 32-5 (41-4) | 33-9 (10-6) 0.518 
Ingot 31: 
middle 33-0 (+0-9) | 34-1 (+0-3) 0-526 








N.B.—The accuracy of each estimate of fatigue limit is shown 
by the figures in parentheses. These figures (’¢’ x standard 
error) define a range in which the true fatigue limit will be 
expected to lie with 95% confidence. 
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Table VIII 


ANALYSIS OF VARIANCE: Logarithm of Number of 
Cycles to Failure 








s Four Ingot Positions 
Five Ingot Positions (not top Ingot 1) 
Degrees Degrees 
Source of ri) Mean Test oO Mean Test 
Variation Free- Square Ratio Free- | Square Ratio 
dom dom | 
| 
Between ingot 
positions 0-1052 = 4-0t 3 0-0545 0.9* 
Between 
machines 9 0-0261 1-0* 9 0-0200 0-3* 
Residual 36 0-0265 ‘ 27 0-0595 a 
Total 49 at eee IT eles 











* Non-significant + 1°, significance level 


in the vertical columns of Table VI, i.e. all test 
pieces identified ‘a’ should be in one batch, those 
identified as ‘6’ in another, and so on. Twenty 
different furnace runs were involved, the first ten 
dealing with ingot J and the remaining ten dealing 
with ingots 15 and 37. The heat-treatment of each 
batch consisted of oil-quenching from 850° C followed 
by tempering at 625°C. All heat-treatment was 
carried out on the §-in. dia. bar, i.e. prior to any 
machining. 

As a check on the uniformity of the batch heat 
treatments, a tensile test piece cut from a common 
bar of material was included in each batch. In 
addition every heat-treated piece was checked for 
hardness on a Brinell hardness tester before machining 
and afterwards checked on a Vickers hardness tester. 
These tests showed that consistency of heat-treatment 
had been achieved throughout the experiment. 

Representative pieces of {-in. dia. bar were also 
included in each heat-treatment batch and these 
were examined microscopically. In every case the 
as-quenched condition had a structure consisting 
largely of martensite near the surface which then 
changed to a mixture of bainite and martensite at the 
centre. In the tempered condition the structure 
was typical of this type of steel. 

Fatigue Testing Machines and Test Pieces 

The testing machines used in the investigation were 
of the N.P.L. two-point loading, rotating beam type, 
described elsewhere.® The test pieces were such that 
the un-notched critical section is a uniformly, or 
nearly uniformly, loaded rotating cylinder of 0-3 in. 
dia. The actual design of the test piece, identified 
as ‘ F,’ is given in Ref. 3, and the methods adopted 
for machining and preparing the test pieces are 
identical to those described in Ref. 3. 

Results of Fatigue Experiment 

Each fatigue fracture was examined under a 
stereoscopic microscope (x 100). In no case was 
there any evidence that an inclusion initiated the 
failure. The characteristic feature of all fractures 
was a highly polished crescent-shaped area extending 
about halfway around the circumference and about 
one-third into the centre. Fatigue cracks appear 
to have started at or near the surface and propagated 
comparatively slowly over the crescent-shaped area. 
Then followed a period of more rapid propagation 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








184 INESON £7 AL,: VARIATION IN FATIGUE PROPERTIES 


36: 


36: 


35:7 





35: 


w 
> 
~ 








w w 
> oo 
uv 


Ww 
bb 


STRESS(*), tons | in? (5) 
—) 
Co 
& 


3425 


I io8 

NUMBER OF CYCLES, (N) 

Fig. 5—Fatigue test results. (a) Ingot 1, (6) Middle 

position of ingots 1, 15, and 31 (criterion for non- 
failures 30 + 10° cycles) 


over about the middle third of the fracture face, 
followed by the final failure with a fibrous fracture. 
The results of the experiment are shown in Fig. 5. 
Each ingot position yields ten breaks at one stress 
level at least, but only the top of ingot J yields no 
breaks at the lowest stress level. Another feature 
of the results is the high degree of scatter. The mean 
life of test pieces breaking at a given stress level is 
sometimes less than the mean life observed at higher 
stress levels. This is true of every ingot position 
although it is not so pronounced for the top of ingot J. 
Figure 5 indicates that the results obtained from the 
top of ingot J differ from the results obtained from 
the other ingot positions. This inference is emphasized 
if the proportion of unbroken tests is considered. 
However, to compare the fatigue properties of the 
ingot positions, it is necessary to describe these 
properties in a quantitative manner. This has been 
attempted by defining the parameters: 
(i) The fatigue limit (95° )—that stress level at 
which 95°, of tests are expected to exceed 30 x 108 
cycles. 
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(ii) The fatigue limit (50°/,)—that stress level at 
which 50% of tests are expected to exceed 30 x 10° 
cycles. 

These parameters are similar to the ‘ fatigue limit ’ 
used ‘in conventional fatigue tests. The advantages 
claimed for the percentage fatigue limit are that 
firstly, it may be determined analytically and is 
independent of subjective interpretation on the part 
of the investigator, and secondly, an estimate of its 
reliability can be made. 

The relation between the percentage of tests 
exceeding 30 x 10° cycles and the test stress level is 
unknown. But analysis of results suggests that the 
probit transformation® 
where p; is the proportion 
of non breaks at the stress 
level 7 





| a oe 
7 = — 3x? 
i r¢5V 2m dx 
defines a variable (zi) which is linearly related to 
logarithm of stress (log 7). From this relationship 
the fatigue limit and its standard error were estimated 
for each ingot position and the results are shown in 
Table VII. 

The difference between the fatigue limits for the five 
ingot positions were tested for significance. The top 
portion of ingot J was found to differ significantly from 
the remainder of the ingot, but no significant difference 
is detectable between the bottom and middle of ingot 
I, nor between the middle portions of the three 
separate ingots. Table VII also shows that the fatigue 
and tensile properties are closely related at each ingot 
position. 

A more sensitive statistical test was applied to the 
results (expressed as logarithm of number of cycles 
to failure, log NV) obtained at stress level + 36-25 
tons/in.2 Each ingot position yielded ten broken 
test pieces at this stress level and the total variance 
of the results was divided into three components 
as shown in Table VIII. The mean of log life for 
each ingot position is shown in Table LX. 

Both Tables VIII and IX confirm that the top of 
ingot J differs significantly from the remaining four 
ingot positions although these four positions them- 
selves have comparable fatigue properties. It is to 
be noted that there is no evidence that machine 
differences are significant in this investigation. 


CONCLUSIONS 
(1) The fatigue properties of this cast of En.100 
steel appear to be relatively uniform throughout. 
Only three ingots out of a total of 33 in the cast 
were studied, but these are considered to be sufficient] 
representative of the cast. 


Table IX 
FATIGUE STATISTICS FOR LOGARITHM OF 
NUMBER OF CYCLES TO FAILURE 
Stress Level +36-25 tons/in? 








Position in Ingot Mean Variance 
Ingot 1: top 5.74 0.0394 
middle 5-51 0.0272 

bottom 5.49 0.0251 

Ingot 15: middle 5-53 0.0297 
Ingot 31: middle 5-54 0.0107 
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(2) Small statistically significant variations within 
an ingot have been found, but these are not thought 
to be of any practical importance. The fatigue 
limit (95°,) of the material from the top portion of 
ingot IJ is +34-3 tons/in? compared with +32-9 
and +32-5 tons/in? for material from the middle 
and bottom portions of the same ingot. This 
difference in fatigue limit is closely linked with 
variations in hardness and tensile properties. 

(3) The properties of middle portions of each of the 
three ingots chosen were similar in every way. 

(4) The presence of a so-called ‘ low hardenability 
centre ’ has been plainly indicated in the one whole 
ingot investigated. This central square has been 
shown to decrease in cross-sectional area from the 
bottom to the top of the ingot. This effect com- 
bined with the small but significant increase in carbon, 
sulphur, and phosphorus contents at the centre of the 
top portion of the ingot, would be sufficient to give 
rise to slightly greater hardness in heat-treatment, 
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and thus to a large extent explain the increase in 
fatigue limit observed. 

(5) The distribution of non-metallic inclusions is 
fairly uniform and there is no evidence that they have 
any influence on the longitudinal fatigue strength 
of this particular steel in the condition investigated. 
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The Aluminium Reduction Method 
ior the Determination of Oxygen in Steel 


USED IN THE LABORATORIES OF THE STEEL COMPANY OF WALES 
LTD. (NEWPORT DIVISION) 


By J. E. Wells, B.Sc., F.R.I.C., A.Met. 


Introduction 

THE ESTIMATION of oxygen in steel by conversion 
of the oxides present to alumina, followed by acid 
extraction and estimation of the alumina, is not new. 
Herty and his co-workers,! Swinden and Stevenson,” 
Speight,? and other workers have used this principle 
for the estimation of oxygen in liquid steel. In these 
methods a sample of liquid steel, taken in various 
ways, is killed with excess of aluminium, and the 
alumina formed is subsequently recovered by acid 
extraction and estimated. 
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SYNOPSIS 

A description is given of the procedure adopted for the determina- 
tion of oxygen in steel by the aluminium reduction method operated 
in vacuo. 

Typical results are presented and compared with results obtained 
by the vacuum-fusion method. In general, agreement between 
the two methods is good. 

In view of the relatively inexpensive nature of the apparatus 
required, it is considered that the method is deserving of much 
wider use, particularly when the demand for oxygen determinations 
does not justify the construction of a vacuum-fusion apparatus. 


1314 


Gray and Sanders? modified the procedure in order 
to determine the oxygen content of solid steel. 
They fused thin slices of steel with excess aluminium 
in graphite boats at temperatures of the order of 
1100° C, using an atmosphere of pure hydrogen. The 
same authors and Stevenson and Speight® later 
simplified the method by carrying out the fusion with 
aluminium in vacuo. 
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Fig. 1—Design of apparatus 


Gotta,® while using a similar principle, departed 
radically from previous procedure by heating thin 
strips of steel in a powdered mixture of 1 part of 
aluminium with 3 parts ofalumina. The steel samples 
buried in this mixture were heated to 1300°C in an 
alumina crucible in an electric furnace. The alu- 
minium diffused into the steel, combining with the 
oxygen present. The alumina formed was then 
determined by wet methods. 

The present author has further modified the 
aluminium fusion method described by Stevenson and 
Speight,® in order to facilitate the analysis of larger 
numbers of samples. 

This has been accomplished by using mullite 
refractory tubes, which are better able to withstand 
the necessary temperature and pressure conditions 
than the silica tubes previously used. These new 
tubes have made possible the fusion of two samples 
at one time and the use of temperatures up to 
1300° C, thus increasing the number of determinations 
which can be completed in a given time. 


APPARATUS 


The apparatus (Fig. 1) consists of a mullite refrac- 
tory tube, 24 in. long and 1 in. internal diameter, 
which contains the two graphite boats and the 
samples. One end of the tube is closed, and the other 
is sealed with a rubber bung which has previously 
been smeared with silicone vacuum grease. The 
bung is fitted with a glass tube connected to a U-tube 
pressure gauge and a two-way tap which is used for 
connecting the apparatus to the mechanical oil pump. 

The boats, which are 3 in. long with a wall thickness 
of } in., are machined from a half-section of a 1-in. 
dia. bar of Acheson 7’ grade graphite. The tube and 
contents are heated by means of a Globar rod furnace 
12 in. long. 


SAMPLE PREPARATION 


Discs approximately ;'5 in. thick are cut from a 
}-in. dia. bar which has been carefully ground to 
remove any surface oxide. The discs, which are cut 
just before use, are washed in ether before the 
determination. 

The aluminium is prepared by cutting pure 
aluminium sheet } in. thick into suitable sized strips. 
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These strips are lightly filed on all surfaces just before 
use. 


PROCEDURES 


Four graphite boats (two containers and two lids) 
are placed in the refractory tube which is sealed 
and evacuated until the pressure falls to 1 or 2 mm 
Hg. The tube and contents are then placed in the 
furnace, which is switched on and controlled at 
1250°C for 1 h. The furnace is then allowed to cool 
to 900-1000° C when the refractory tube is withdrawn. 
At this stage a second tube can be inserted and four 
more graphite boats can be degassed in the same 
manner. 

When the first tube is cold, air is admitted, the 
graphite boats are withdrawn and any deposit on 
them is removed with a clean wire brush. Approxi- 
mately 10 g of sample, sandwiched between alu- 
minium strips weighing about 14 g, are put into each 
boat, and the graphite lids are replaced. The boats 
are then introduced into the refractory tube, which is 
sealed, evacuated, and placed in the furnace. The 


Table I 
COMPARISON OF TOTAL OXYGEN RESULTS 
OBTAINED BY THE ALUMINIUM REDUCTION 
AND VACUUM-FUSION METHODS 


























, Aluminium Reduction | 
Samp! T f Steel ‘ eae | 
e ype 0 ee % : ion: | 
Omyen, Onygeny ORE, 
Cu2 = 0-51% Cu 0-002 0-008 
0-009 0.010 
Cr5 | 0-58% Cr 0.002 0018 °°} © 
0-011 0-012 
784 | Basic open- 0-003 0-011 0-011 
| hearth: 0.23% 0-011 0-011 
| C, 0-66°, Mn, 0-010 
| 0.15% Si 
J5926 | Basic electric: 0-002 0-004 0-004. 
0-40% C, 0-004 
| 0-65°% Mn, 
0.26% Si 
H264 Basic electric: 0-003 | 0-005 0.0055 | 
4.75% Ni, 0-006 | 
0-:17%, Cr | 
} 
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temperature of the furnace, which should be of the 
order of 900°C, is rapidly raised to 1250°C and 
maintained for 2 h. After cooling to 900-1000° C, 
the refractory tube is withdrawn from the furnace 
and placed in an asbestos rack to cool. Care should 
be taken to maintain the tube in a horizontal position 
in order to avoid spilling the aluminium, which is 
liquid at this stage. A second series of samples can 
be treated in the furnace while the first tube is 
cooling. 

When the tube and contents are cold, air is 
admitted, the boats are withdrawn, and the samples 
are removed for the determination of alumina. The 
boats, after cleaning with a wire brush, can be 
immediately re-used for a further set of samples. 

It will be found advisable to evacuate the refractory 
tube continuously during the first half-hour of the 
heating cycle. 

After this period, the pump can be shut off by 
means of the tap (see Fig. 1), but careful watch should 
be kept on the vacuum gauge, and any tendency for 
the pressure to rise should be countered by switching 
on the pump. 

It should be emphasized that: 

1. Only freshly degassed boats should be used 
for a determination 

2. Exposure of the degassed boats to air should be 
kept to a minimum 

3. Samples and 
prepared 

4. The furnace temperature should be in the range 
900-1000° C when the refractory tubes are inserted 
or withdrawn. This procedure is adopted in order 

(a) to speed up the determination, and 

(b) to minimize any loss of oxygen as carbon 

monoxide from rimming and semi-killed steels. 


aluminium should be freshly 


DETERMINATION OF THE BLANK 
The blank is determined by fusing 14 g of prepared 
aluminium sheet with a small weight of steel of 
known low oxygen content. 


DETERMINATION OF ALUMINA 


The fused samples are placed in a 1-l. beaker and 
dissolved by gently warming with hydrochloric acid, 
to which 10 g of citric acid has been added. When 
dissolved, the solution is oxidized with nitric acid, 
and a few millilitres excess are added. After 
diluting to about 600 ml with hot water, the solution 
is boiled gently for a few minutes, and filtered through 
an ashless paper pulp pad. The residue is washed 
with hot hydrochloric acid (1 : 1) until the filtrate 
is iron-free, and then with hot water to remove acid. 
Any precipitated silica is removed by washing with 
hot 3% sodium carbonate solution. The filtration is 


completed by washing with hot water and hot 
hydrochloric acid (1 : 1). 

The residue is then ignited in a weighed platinum 
crucible and, after weighing, is treated with a few 
drops of sulphuric and hydrofluoric acids to remove 
silica. In the case of high-silicon steels and silicon 
irons it is advisable to add a few drops of nitric acid 
with the hydrofluoric acid to remove any graphitic 
silicon which may have been formed. After re-igni- 
tion and reweighing, the residue should be pure 
alumina, and the weight after deduction of the blank 
is used for calculation of the oxygen content of the 
steel sample. If the loss in weight after treatment 
with hydrofluoric acid is appreciable, the results 
should be regarded with suspicion, unless it is known 
that graphitic silicon was present. 


COMMENTS 


The aluminium reduction method operated in 
vacuo gives results which compare well with those 
obtained by the vacuum-fusion method (see Table I). 
Blank values are reasonably low, and the method can 
be used on a wide range of steels. The apparatus 
required is easily obtained, and the method is 
deserving of much wider use. 

Some doubt exists about the applicability of the 
method to rimming and possibly semi-killed steels, 
in view of the ease with which carbon monoxide is 
evolved from some of these steels when heated 
in vacuo. 

The extremely rapid heating should keep this 
evolution to a minimum. Nevertheless, it would 
be advisable to investigate the application of the 
method to steels of this tvpe. and to compare the 
results obtained with vacuum-fusion results. 
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THE THIRTIETH MEETING OF THE IRON AND STEEL ENGINEERS Group of The 
Iron and Steel Institute was held at 4, Grosvenor Gardens. London. S.W.1. on 


Thursday, 15th March. 1956. 
the Chair. 


This discussion was based on the paper by R. M. L. 
Elkan and J. T. Lewis entitled ‘‘ Modern Forging Presses 
and their Control”? which appeared in the February, 
1956, issue of the Journal (vol. 182, pp. 200-215). 

Mr. R. M. L. Elkan (Loewy Engineering Co. Ltd.) 
presented the paper, which was discussed in two parts. 


Part 1 


PRESS DESIGN AND CONSTRUCTION 


Mr. Elkan: I would like to draw the attention of the 
meeting to a number of minor printing errors in the 
paper as published, and give the following corrections. 

In Table I the working pressure should have been 
given as 300 atm for all calculations. In note (jf) of 
this table it should have been stated that the motor 
efficiency was assumed to be 85%. 

In the top left-hand corner of p. 204, column 1, reference 
is made to ‘the largest single pump unit in the U.K. 
installed with five other forging presses working with the 
same drive...’ These words are misleading, for it 
was only the intention to point to the fact that all six 
presses worked on the direct water drive system; it 
was not intended to read that the other five presses 
worked off the same pump. 

On p. 208, Fig. 6, there is a circle shown at the side 
of the number 6; this is extraneous and has no meaning. 

On p. 211 at the foot of column 2, there is an expression 
for Reynolds number 

R 7750¢d 


; this should actually read R 
v v 


7750v0d 


On p. 212, Force Diagram 11 (c) in the top left hand 
corner, the vertical reaction forces of 1136-5 JT’ were 
omitted, and on p. 214, the small diagram at the bottom 
of column 2 should have been turned through 90° in an 
anti-clockwise direction. 

The paper is essentially confined to free-forging 
presses, but I would like briefly to indicate some recent 
developments in die forging presses. 

The presses in Figs. A and B are entirely automatic in 
operation, and although their performance was already 
good at the time of their installation several years ago, 
the performance possible from this type of press in 
terms of pressing and reversal speeds has been con- 
siderably improved by recent developments. 
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Mr. W. M. Larke, Chairman of the Group, was in 


Figure C shows one of the 35,000 short-ton aluminium 
die-forging presses installed recently under the heavy 
press programme of the U.S.A. with the following 
principal characteristics: 

30 ft 6 in. 12 ft 0 in. 
11 ft 9 in. 

6 ft O in. 

101 ft O in. 


Moving table 
Daylight 
Stroke 
Overall height 


The four column groups each consist of three forged 
laminations about 100 ft long, a design which con- 
stituted a deliberate and radical departure from orthodox 
accepted column design. 

Figure D shows the 50,000 short-ton aluminium die- 
forging press, also supplied under the above-mentioned 
programme. In this press there are six column groups 
each consisting of three forged laminations, the total 
overall length being about 110 ft. 





Fig. A—1000-ton oil-operated steel die-forging press 
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Fig. B—2000-ton water-operated steel die-forging press 


As we have referred to accumulators in the paper, 
it is interesting to note that the accumulator station 
supplied for the above two presses consisted of 11 
bottles each of 350 ft capacity, i.e. the total capacity 
installed was 3850 ft®. The characteristics of the 
bottles were: 

Outside dia: 634 in. 
Height: 354 ft 
Weight: 76 tons 


Working pressure of system: 4500 Ib/in? 


The bottles are made up of multi-layer laminations 
welded longitudinally and circumferentially, and have 
forged steel hemispherical heads which are welded to the 
main body of the shell. All the welds were carefully 





Fig. C—35,000 short-ton aluminium die-forging press 
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Fig. D—50,000 short-ton aluminium die-forging press 


stress-relieved and radiographed through all stages of 
manufacture. 

Seven pumps were also installed, each having an 
output of about 400 gal/min at 4500 Ib/in?. 

Figure E shows the single U-ring type packing which 
is now no longer used in modern presses, as it required 
too frequent replacement. The average life figure 
was only in the 80-150 forging-hour range, depending on 
working pressure, diameter, condition of ram and 
bushes, nature of forging work, rigidity of press, and 
degree of cleanliness of water; the packing failure 
experienced with this type of ring was often sudden. 

Figure F shows the modern lip-type expanding 
packing, in which generally four rings are used, excluding 
the header. The average life figures for these packings 
are much longer than for the single U-ring tvpe, being 
normally at least in the 1500 to 3000 forging-hour range 
for presses up to about 5000 tons, and in the 700 to 
1000 forging-hour range for larger presses. 

Maximum recorded life figures are greatly in excess 
of these, but conditions vary 
already indicated. 

In the U.K. to-day, there are only three major free- 
forging press units above 5000 tons, two of which are 
reasonably old even by forging press standards. There 
is little doubt that there exists a real need in the U.K. 
for a larger press or presses. There are two 6000-ton 
presses at present available which can comfortably 
handle 125-ton ingots, and less comfortably, say 150 
to 180-ton ingots. There is a 7000-ton press which can 
comfortably handle 150-ton ingots, and 
comfortably ingots, say, of up to 200 tons, though to the 
credit of all concerned, as we know, ingots even up to 


vastly for the reasons 


again less 
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Fig. E—Obsolete single U-ring type packing 


270 tons have been handled successfully in that press. 
The largest ingot available in the U.K. at the moment 
would appear to be about 280 tons, and there is 
undoubtedly a very urgent and strong case for a press 
of 12,000 or possibly 15,000 tons’ capacity. 


Mr. R. Benson (The Darlington Forge Ltd.): Regarding 
the side deflection of the press I note that the figures 
of deflection are for static loading. High planishing 
speeds of 100 strokes/min have been mentioned; 
have calculations been made to see if there is a periodic 
vibration, when the period of sway of the press syn- 
chronizes with the speed of the stroke? If this does 
occur, the movement will be much more than the figure 
mentioned, viz. 0:36 in. for static deflection, and may 
easily be the cause of fatigue. 

The presses shown have no dial to indicate the stroke, 
and apparently the only guide to tell the press driver 
when he has completed his stroke is a chalk mark and 
pointer on the press column. It is illogical to provide 
finger-tip control to remove physical work for the press 
driver but still ask him to make the unnecessary effort 
to give accurate sizes, which this system entails. The 
result in practice is that the press driver slows down the 
press so that accurate control is easier and less con- 
centration is needed, and in doing so, he nullifies the 
provision of higher speeds which has been made by the 
designer. This slowing down is not quite so necessary 
if a dial is fitted, because the movement is magnified 
and easier to see, but to get the full value of presses 
designed for high speeds, the stopping of the press at 
the desired point should be performed without effort 
by the driver. Perhaps Dr. Bramley will elaborate on 
this subject later; the system of control which seems to 
be needed is somewhat similar to one kind of position 
control which he has demonstrated as applied to the 
serew-down gear of a rolling mill. 

By moving a finger-light control, the press driver 
should be able to control the position of an indicator 
finger on a dial similar to those fitted to some forging 
presses. The press crosshead must follow this move- 
ment at the maximum speed of which the press is 
capable and stop automatically when the desired position 
is reached. This would be indicated by a second pointer 
of normal type indicating the actual position of the cross- 
head. The operator would then reset the master 
pointer, by his controller, to give the desired position 
of lift. The crosshead should rise, again at maximum 
speed, to the ‘up’ position, the indicator pointer 
showing this movement as it occurs. The height of 
‘rise’? might be controlled for each stroke, or alterna- 
tively, preset to give a definite amount of lift after each 
stroke. The operator would thus exactly control every 
stroke of the press, but without physical effort and at 
maximum speed. He would not have to look away from 
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the actual job being done, because the dial would be 
placed alongside the press. The forgeman would 
probably prefer to drive the press himself, thus dis. 
pensing with a press driver, because it is easier to 
preset a size on a dial than to give instructions to a 
press driver as in present normal practice. 

Tool changing is important to the practical operator. 
The provision of three sliding tables which can be moved 
separately or coupled together is good, especially for 
expanding work where two supports are needed under 
the ends of the bar and sometimes they need to be 
moved together, but at other times to be separated. 

The speed of the sliding table is not mentioned, but 
it should be high. On many old presses it is too low, 
which is a great handicap because much forging work 
has to be done with the top and bottom tools deliberately 
placed out of line. 

The method of securing the bottom tools is not 
mentioned, but appears to be the usual one of crossed 
grooves in the tool base and raised keys on the sliding 
table. This has certain disadvantages; do the authors 
know of further developments? Securing the top 
tools is even more important; again, are there any 
developments ? 

Tools have to be changed from time to time; in certain 
forging work they have to be changed during the forging 
operation. Five minutes saved between heats is five 
minutes operating time saved, but five minutes saved 
by quicker: tool changing during a heat may be the vital 
five minutes which enables the job to be done in one 
heat instead of needing a reheat. 

Methods of fastening, releasing, and changing tools 
will repay study and development. 


Mr. J. G. Frith (Duncan Stewart and Co., Ltd.): In 
Table I, Mr. Elkan and Mr. Lewis give the principal 
features of a range of standard presses and these par- 
ticulars correspond very closely with those in similar 
lists prepared by other press builders. This would show 
that so far as the manufacturers are concerned, a 
considerable measure of standardization has been 
reached, but as the authors have mentioned, these 
standards frequently require modification to meet the 
individual requirements of the users and can therefore 
serve only as a general guide. 

It is, however, surprising to see in this Table that the 
stalling pressure when upsetting is given as 2—2$ tons/in* 
on the ingot, as this operation has been carried out at 
much lower pressures even on presses with the previous! 
accepted forging speeds of 3-4 in./s. 

Cases’ are on record where upsetting has commenced 
at a pressure of 1-1} tons/in? on the ingot and _ has 
finished as low as } ton/in® using presses fitted with 





Fig. F—Modern lip-type expanding packing 
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steam—hydraulic intensifiers, where a number of succes- 
sive squeezes are required to obtain the required 
reduction. Of course, this is not good upsetting practice 
as the material should be kept moving once the process 
has commenced, but it has been done, and although 
the speed of operation at such low pressures is admittedly 
not great, I would suggest that the stalling pressures 
quoted in the paper are rather high. 

A further point of interest in Table I concerns the 
stated sizes of the accumulators which are apparently 
based upon § of the full upsetting stroke. Surely 
a larger accumulator would be an advantage, as the 
pumping equipment presumably consists of multiple 
units and the greater accumulator capacity would 
give more margin between the pump ‘on’ and ‘ off- 
load ’ positions with less chance of rapid alternation 
between these points. 

I agree with all that the authors have said on higher 
outputs from modern presses, except that it is not quite 
clear what is meant by a “‘ more extended use of moving 
table gear’. This type of gear has been fitted to presses 
for very many years and its use on the larger presses has 
been considered a standard requirement. It seems, 
therefore, hardly appropriate to include this item in 
the section referred to. 

The utilization rate of the usual forging press is very 
low, largely owing to deficiencies in handling equipment 
and to the lack of furnace capacity. 

It is interesting to note from Table I that 20% of the 
operating hours has been taken as the period in which 
the presses are forging. This, of course, is a figure 
assumed for comparative purposes, but if it has any 
basis in operating experience it shows that outputs 
could be materially increased by attention to the 
ancillary equipment. It is interesting to note in this 
connection that the steam requirements for steam— 
hydraulic intensifier presses were based on the utiliza- 
tion of 15-20 min full power operation per hour, and 
also that Dr. Stone in his paper on the 14,000-ton 
forging presses in the U.S.A. mentioned a figure of 15% 
as the ratio between the operating and total hours of the 
press. These figures show that outputs could be greatly 
improved if more attention was given to the furnaces 
and the handling equipment generally, and there is a 
big field here for study when new forges are put down. 

Where the method of driving the press is concerned, 
it is true that the choice is now largely between the 
pump-accumulator and the direct pump systems. The 
steam—hydraulic intensifier had certain advantages such 
as a very short hydraulic circuit and a very efficient 
method of de-compression, but the trend now is away 
from this type of press because of the trouble and expense 
of steam raising. It is, therefore, only considered 
practicable in special circumstances. 

There are two installations using the direct pump 
drive which are not mentioned in the paper. 

One is a 1000-ton press in Sweden with small high- 
speed oil pumps, and the other is a 7000-ton press built 
and installed in Canada two or three years ago. 

This latter unit has a pressing speed of about 1} in./s 
which may be considered slow, but was regarded as 
sufficient for the purpose. It is operated by three 
3-throw horizontal ram pumps, each of 1400 hydraulic 
h.p. and each delivering 270 gal/min at 6000 Ib/in?. 
Strangely enough for pumps of this type, the hydraulic 
fluid is oil. 

In connection with the direct pump drive, the paper 
states that a required capacity of 1600 gal is a practicable 
limit and that this would require eight 200-gal/min 
pumps basing on a pressure of 300 atm. The pumps on 
the Canadian press mentioned have a capacity, however, 
equivalent to 380 gal/min at 300 atm and the 1600 gal 
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could, therefore, be obtained from four units with a 
considerable reduction in space. The stated limit for 
direct pump operation could probably be lifted. 

The question of press drive has a considerable bearing 
on press design, and to some extent the two things are 
mutually contradictory. There is no doubt that the 
best press to withstand eccentric loading is one with a 
central guide stalk in which the load is either carried 
solely in the top member of the press, which is the best 
for very large presses, or between the top of the guide 
stalk and the column bushes. This design suggests the 
use of two cylinders which, from the point of view of the 
press alone, is undoubtedly the best arrangement, but 
does not adjust the effort to the work being done unless 
some flexible means of driving the press is used. This 
is, of course, given by the direct pump drive either with 
flywheels on the pump reduction gears or with complete 
Ward-Leonard equipment on the pump motor. 

A twin-cylinder press with Ward Leonard operation 
of the pump would be ideal but costly. 

With the pump and accumulator drive, the twin- 
cylinders are a disadvantage because full power must 
be used at every stroke irrespective of the work being 
done. The three-cylinder press is therefore adopted 
with this method of operation to enable forging to be 
carried out at 4, %, or full power, and some designs use 
the centre cylinder as a guide. This involves two func- 
tions on one unit, in that the cylinder and ram must be 
pressure-tight but must also act as a guide with the 
possibilities of side wear and is far from ideal. 

Press drive and press design are therefore closels 
allied, and must be considered first from the view point 
of the duty required from the press. If the ability to 
withstand heavy eccentric loading is required, the press 
design is the first consideration and the drive must take 
care of itself. If less eccentric loading is to be encoun- 
tered, the three-cylinder press can be used but each 
case must be considered on its merits, and a hard and 
fast rule cannot be laid down. 

The press that Mr. Elkan has described is most interest- 
ing, and the design of the columns without nuts or 
collars is at first sight attractive. I suggest, however, 
that column breakage is not a normal occurrence and 
that the collars and nuts so often used in the past are 
not a great disadvantage. They have, too, a definite 
advantage, in that the portions of the columns which fit 
either into top or bottom members of the press may be 
made to grip these members tightly by pre-stressing. 
If the column simply passes through the member, it 
must, of course, have an assembly clearance, and if no 
top and bottom grip is applied this clearance must 
increase in the course of time due to the swaying of the 
press. This change will be cumulative. 

Swaying may not be a great disadvantage to the press 
itself but it can affect the joints in the pipes leading to 
the top of the press, and there is still a good deal to be 
said for the columns with nuts and collars which give a 
more rigid structure. 

The next point I would like to raise is the method of 
holding the press down. I notice that the foundation 
bolts are considerably exposed above concrete level, 
and I presume this is done purposely to allow the bolts 
to be stretched. Has any trouble been found due to 
the whole press rocking on its supports, particularly as 
those supports are not extended very far beyond the 
column centres ? I suggest that a wide base would be 
an advantage. 

Method (1) is a very good method of calculation of the 
column loading, and the abbreviated method in which 
the deflection of the top and bottom members is ignored 
is a very quick way of getting an approximate result 
which is sufficiently accurate for most purposes. It is 
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very interesting to find that Dr. Stone’s method gives 
the same results when the same assumptions are made, 
but method (1) is virtually standard today and is much 
simpler. 

In Fig. 11 of the pre-circulated paper there is no 
indication of the power of the press in space diagram 
(a). This shows an eccentric load of 2000 tons and 
presumably refers to a press of 4000-tons power with 
half the load on one pair of opposite columns. 


Mr. L. §. Pell (Hadfields Ltd.): Although this paper is 
on high speed forging presses and hydraulics in general, 
a large section is devoted to a forging unit installed in 
Sheffield about 5 years ago. This particular unit 
comprises two presses, of 2700 tons and 1500 tons 
capacity, and the allied air--water hydraulic accumulator 
system. Both Mr. Elkan and Mr. Lewis, along with 
their friends from Bournemouth, were responsible for 
the conception, design, and installation of this plant. 
For the first four-and-a-half years of its life, I was in 
charge of general maintenance. Apart from one or two 
teething troubles, this unit has given the utmost 
satisfaction. Speeds and rates of forging far in excess 
of those envisaged have been attained. 

There was some trouble through excessive erosion on 
the main inlet valves caused by the high velocity of the 
water through the holes in the valve seating— illustrated 
on p. 207 of the paper. In an attempt to reduce this 
erosion, several experiments were made, first by spraying 
the valve at the point of water contact with ‘ Stellite.’ 
While this eliminated erosion on the valve, the effects 
were transferred to the inside diameter of the valve 
seating. A second experiment was tried by means of 
drilling the holes through the seating tangentially to the 
centre of the seat. This, again, cut out erosion of the 
valve but resulted in a most efticient water motor. The 
valve assembly spun round merrily to the cost of rapid 
wear to the phosphor bronze retaining caps and very 
short life of pilot-valve spindle leathers. This problem 
was finally overcome by shrouding the bottom row of 
holes for 50% of their lower area. 

Can the authors at this stage enlarge on the ‘ constant 
speed ’* valve mentioned to be under development ? 
As a previous speaker has mentioned, there is a general 
fecling that the press operator should have speed and 
height control at his finger tips. 

Finally, I refer to the necessity for adjustable column 
bushes in the base casting. Considerable wear takes 
place at this point because of the sway of the press. 
Wear of the actual column can only be restricted by 
means of a taper follow-up bush. 

Referring to Mr. Frith’s remarks on the question of 
trouble with pipe joints due to sway, I can say that 
during the five years that this plant has been operating, 
pipe joints have given no trouble whatever. 


‘ 


Dr. L. N. Bramley (B.I.S.R.A.): This paper is a fine 
exposition of the subject but it has not considered 
sufficiently the very important aspect of press control. 
This part of press design requires improvement. 

There has been much talk about automation which 
is, of course, a process which has been going on for years, 
although many are just becoming conscious of it. 
Automation means taking away the simple or routine 
operations from the human operator and letting him 
do the more complicated things to which he is more 
suited. The simple operations bore and tire him, so 
that his efficiency decreases. A man is a very efficient 
compromise in that he can do a large number of things 
well; but when a machine is designed to do one thing 
only, it will beat him every time. 

Working a forging press is one of those instances 
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where a certain operation is repeated hundreds of times. 
A lever is pushed forward, the press head comes down to 
a chalk mark, and then the lever is pulled back. My 
opinion is that the control of most of these presses is 
crude, and may be considerably developed. 

The forging press is a device in which the press head 
is required to be moved from place to place, and there is 
no doubt in my mind that the contro] which the man 
moves forward should also suffer a displacement. Ifa 
press has to be moved 6 in., then there is a big advantage 
if a calibrated dial can be turned on 6 in. and the press 
moves up to its new position. Obviously this will give 
the man much more time to think about the many 
complex operations involved in forging, since he does 
not have to watch the displacement taking place and 
terminate it at the proper time. Manual control of a 
forging press is an extremely skilled operation, and a 


single mistake on a big forging can cost a great deal of 


money. The operator is nearly always working in three 
dimensions, and variations in the pressing load mean 
that he must watch every stroke. If remote position 
control be applied to the press head, the travel will be 
almost completely independent of the load, so that the 
operator, who has always got at the back of his mind 
the thought that he might overshoot, can forget that 
worry completely. The system can be made so that it 
is automatically protected, and the press will go up to a 
certain point and no more. This is an important 
advantage. As an example, if a hollow cylinder is 
being forged, work is in three dimensions; rotation. 
stroke, and long travel have to be watched and worked 
together. Besides these are the many operations in the 
mind of the press operator which will lead to a successful 
forging. If there is remote position control on the 
rotation, the press head travel and, if necessary, on the 
crane long travel, it will be possible to work the travel 
of the press to a much higher order of accuracy and the 
forging may be rotated much more evenly. The net 
result will save a great deal of time in forging, will 
ensure a more even product, and will require less 
machining. I believe, too, that heats could be saved in 
many instances by using the press to its full capacity 
every time. With present practice the operator has no 
time to make a correction. He moves or turns the forg- 
ing and if it looks about right, as it usually does, he 
operates the forge. With remote position control it is 
a matter of great simplicity to turn the forging to, say, 
20° + 1° or 2°. 

On the question of travel of the press head, much 
greater accuracy is possible than is now attained. A 
new wind tunnel at present being built in this country, 
which has a hydraulic control of great accuracy, will 
serve as an example. It has two steel plates to profile 
the tunnel and every yard along the plates there is a 
hydraulic jack. As the Mach number of the tunnel is 
varied, so a different profile is required. All the jacks 
are on an automatic system, but a tape is fed into the 
controller and immediately all the jacks take up a 
position which profiles the tunnel on both sides. The 
travel of the jacks is as much as 20 in., and they are 
being set to a few thousandths of an inch. Thus with 
hydraulic control it is quite easy to get a control of more 
than 1000 to 1, which is certainly not required on a 
press. A travel of 8 ft (100 in.) in a forging press, with 
an accuracy of + } in., is 1 in 400, which is not difficult 
to achieve by remote position control. It would allow 
a lot more planishing to be done very rapidly. The 
forging produced need no longer look rough, and the 
heavy and expensive machining operations could be 
largely cut down. 

I should like to believe that the manufacturers are 
investigating this matter and doing something about it, 
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even on a small press to start with, so that the possi- 
bilities of remote position contro] are fully explored. 

There is an easy lead into this question of getting 
remote position control by applying it to the manipu- 
lator. For instance, one very fine manipulator is at 
Mr. Benson’s works. It is very fast and is operated by 
ahighly skilled man. It consists of several speed control 
levers which are well placed for the operator. The 
position controllers are ‘on’ and ‘ off’ all the time; as 
many as three of them may be ‘on’ at once. Every 
time the man wants to make any motion of the manipu- 
lator, he operates the appropriate control, waits for it 
to add up to the position he wants, and then he turns 
it off again. If he had position control on all those 
motions, he would make one movement, and the motion 
would follow up. The speed of follow-up is a matter for 
the technicians to achieve. 

Finally, it is not impossible to try position control 
on a large press, and it is not dangerous. After all, a 
man is going to push a lever and the lever is going to 
open a valve eventually, which will undoubtedly have a 
servo on it. It only requires some kind of feed-back 
back from the press head which will move the other side of 
that valve and turn it off again when the press head has 
reached the required position. Then the original lever 
will be able to be calibrated in position. 

The point is that this does not call for a fundamental 
change in the design of the press. Remote position 
control can be applied to many present-day presses, but 
there must be the facility for feeding back the position 
of the press head. In any future projects, I ask that 
press designers will incorporate that facility, because 
remote position control is surely coming in on heavy 
forging presses. 


Mr. A. Bennett (Walter Somers Ltd.): In the illus- 
trations of the presses, the method of holding the tools 
is that which has been followed for many years. This 
design is satisfactory while everything is new, but in 
the course of time, due to wear, it is impossible to main- 
tain a bearing on all three faces. As a result, a gap 
appears and a large area is lost for distributing the load 
on the too] holder which leads to distortion of the tool 
particularly when eccentric loading occurs. 

An improved method of fitting is achieved by making 
the dovetailed portion as wide as possible and to be the 
only bearing surface, the end portions of the holder to 
have a small clearance and reduced to the minimum 
width necessary for fitting folding keys. By this means, 
the load of the press is spread over the maximum 
possible area at all times and tool fitting is facilitated. 

On the matter of ram packings, I cannot agree with 
the authors that it is necessary to have more than one 
packing ring for the main ram. Early hydraulic presses 
were fitted with a U-leather and this design was retained 
for many years. It was, however, difficult to provide 
a satisfactory support to the rounded base of the 
U-leather. If the top surface of the gland ring were 
to be machined to the corresponding semi-circle, two 
razor edges would be formed and these weak sections 
eventually lead to trouble. It was therefore usual for 
the sides of the groove to be formed at an angle of 45° 
and the sharp edges removed by a small radius. Under 
pressure the U-packing was forced into these spaces 
which distorted the leather fibres and ultimately caused 
failure. 

Mr. Elkan exhibited a slide showing multi-ring pack- 
ing, but surely it is the first ring that does the work, 
the others merely taking up some of the leakage which 
may get past the joint in the top ring. In contrast, a 
moulded fabric ring has a much longer working life, 
a flat base which is easy to support, a spreader ring to 
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ensure expansion and, what is more important to the 
maintenance engineer, there is a warning leakage when 
this type of packing is likely to fail. In early presses it 
was not unusual for the U-leather packing to blow out 
during a heat. Furthermore, there is the cost of only 
one pair of rings instead of probably four as required 
by the multi-ring packing. 

Like Mr. Frith, I prefer the prestressed column to 
that having top and bottom nuts with tension rods. In 
addition to prestressing the columns slightly more than 
the maximum loading imposed by eccentric forging 
under the press, the seatings for the nuts should be 
made conical and by providing surfaces more nearly 
normal to the flexing of the columns, may thus prevent 
any movement between the faces of the nuts and seatings 
on the base of the press. Should any movement occur 
on a press on which these surfaces are flat, they soon 
become affected by wear and result in loose columns 
which are difficult to rectify. 

Dr. Bramley has put forward a very good case on 
automation which will be advantageous where large 
numbers of the same piece are to be produced, but 
manufacturers of heavy forgings are faced with the 
problem that they seldom get two jobs alike. When 
this does occur they cannot expect to have every con- 
dition exactly the same for each piece to be produced. 
That will provide the greatest difficulty in applying 
automation with positional control, in the manufacture 
of large heavy forgings. 


Mr. W. H. Alvey (English Steel Corporation Ltd.): 
The first question I should like to ask is whether the 
authors know of any forging presses over 7000 tons 
which have a penetration speed of 6-8 in./s ? 

Whilst forging press designers can undoubtedly provide 
such speeds, it is important that the forging cranes 
synchronize with the press if advantage is to be taken 
of these working speeds. In the past, on cranes up to 
300-tons capacity, crane designers had difficulty in 
providing suitable speeds for manipulating heavy 
forgings to match press forging speeds of 2 in./s with press 
lifting and lowering speeds of 6-8 in./s. It is, therefore, 
doubtful if there is any advantage to be gained with 
fast-speed heavy forging presses unless the handling 
facilities can be provided to match. 

The author’s accumulator system certainly has some 
advantages, particularly when making long upsetting 
strokes, but for general forging work there is still much 
in favour of the direct pump drive. 

More consideration of the economics of the two 
systems is required, particular attention being paid to 
the frequency of upsetting strokes compared with 
general forging strokes. Have the authors compared the 
capital cost of the accumulator system with that of 
the direct drive ? One disadvantage of the air-hydraulic 
system for large presses is that it requires three pressure 
stages to give some measure of economy in working. 

I agree that it is not good engineering practice to 
have rams performing a dual job; the function of the 
ram should be to transmit the pressure to the top tool 
only and not to take horizontal stresses due to eccentric 
loading. 

Further information on the fixed ram with floating 
cylinder shown by the author would be interesting. 

In forging presses of 7000 tons and over, considerable 
allowance must be made for expansion between the 
crosshead and the columns. This can ke 2 in. or more. 
Because of this, it seems to me that with the authors’ 
press design the centre ram must be called upon to 
resist some of the off-centre loads which may result in 
high transverse stresses being developed in the rams. 

The comparison given in Table I between a 6000-ton 
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press on direct drive and one on accumulator drive, is 
of interest; the paper suggests a power consumption of 
605 kWh per average operating hour for such a press 
using penetration speeds of 2 in./s. 

Throughout 21 years of operation, the 7000-ton 
direct pump drive press at the English Steel Corporation 


has averaged only 138 kWh as compared with the above 


figure given in the paper for a smaller press. The 
average figure I have quoted refers to operating hours, 
i.e. the time the forging crew are on duty. Since 
forgemasters have different methods of measuring 
forging time, the average figure quoted becomes 165 kWh 
if the time is taken from picking up the ingot from the 
furnace, forging under the press, and putting back into 
the furnace or down on the shop floor. 

Whilst quoting figures, it may be interesting to 
mention that in my paper ‘“‘A Modern Heavy Forging 
Plant ’* I gave some figures of the actual tons of 
ingots forged in our 7000-ton press since it was converted 
to direct electric pump drive. Now, after 2] years 
working, this press has dealt with 437,234 tons of 
ingots and produced 250,937 tons of finished forgings 
at an average of 25-6 kWh units per ton of ingot weight. 
The English Steel Corporation has six forging presses 
working with similar direct pump drives and which, 
in all cases have been free from maintenance trouble 
of any kind, thus emphasizing the reliability and 
economy of this system. 

Would the air—hydraulic system be as reliable or as 
economical to run ? 


Mr. M. D. J. Brisby (Iron and Steel Board): First 
I want to deal with a point on the mathematics of this 
paper. I am not really convinced that the Moment 
Distribution method is the best solution in the case of 
very simple closed frames. This is a matter of opinion, 
but I should have thought that for this type of frame 
the straightforward Clapeyron Three Moment Equations 
would have been simpler. The equations can be set 
out in matrix form as follows: 





X, Xo As 253. Bes.. OHA. | 4Y 
(load 
Ay Ajo Ais Ain C, function) 
An Ags Ags Aon C, 
A 31 A 32 A 33 A 3n Cs 
An Ane Ans Ann Cn 


The matrix can then be solved for the coefficients of 
the unknowns, A,, Aj, A,;3 etc., by successive elimination. 
Sidesway in the frame can be catered for automatically 
by the inclusion of an additional term 6£A in the 
equations. The solution of the matrix then gives the 
node moments and the amplitude of sway. The 
advantage of the method is that the matrix is set up 
once for all; the only variables are the geometry of the 
frame and the different conditions of loading. 

The second point I wish to make is more serious. 
All the classic methods of solution, e.g. Moment Dis- 
tribution, Three and Four Moments, Slope Deflection, 
Strain-Energy, Column Analogy, etc., imply the basic 
assumptions of Hooke, St. Venant, and Navier. Now 
the press frames examined by the authors are far 
from satisfying the essential condition of being prismatic 
sections. And, therefore, I fear that the hypothesis of 





*J. Iron Steel Inst., 1949, vol. 161, pp. 119-138. 
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the calculation is incorrect. If a mathematical model 
is of doubtful validity it is probably better to do without 
and resort to rule of thumb and practical experience. 

Finally, I should very much like to know the authors’ 
view on the future of heavy presses. Welding has made 
progress by leaps and bounds and it would be interesting 
to know whether we shall require to forge ingots of 
350 and 400 tons in the future. 


Mr. W. Melville (I.C.I. Ltd., Metals Division): The 
authors have pointed out that in practice both accumu- 
lator and direct pumping systems suffer from similar 
throttling losses unless some method of varying the rate 
of pumping is used in the latter case. It is perhaps 
worth enlarging on the characteristics of these two 
systems and Fig. G shows the throttling characteristics 
with direct pumping and accumulators, neglecting any 
other losses due to pipe friction, compressibility, and 
such causes. It will be seen that the two systems have 
opposing characteristics in that one is sensitive to speed 
and the other to cylinder pressure. This suggests that 
where the usual working pressures tend to approach 
the maximum design figure and the speed varies accord- 
ing to the resistance, a state of affairs which I imagine 
exists with forging presses when working to capacity, 
the accumulator system is likely to be more economical. 
A statistical analysis of the working conditions for any 
particular case could probably give a useful guide in 
choosing between the two systems. 

The press cylinder, as usually designed, can be a 
source of expensive trouble. There is a sharp stress 
concentration at the junction between the cylindrical 
body and the blind end, and it is rare to see any better 
form than the imperfect hemisphere. The cylinders 
illustrated by the authors are orthodox and I should 
expect the ends to drop off some day, a trouble which 
has not been uncommon with extrusion presses in the 
firm with which I am associated. These cylinders 
should be designed with a transition form at the knuckle 
to avoid sudden stress changes, or as plain tubes with the 
end closed by a piston from the press columns where 
circumstances permit. If the authors have not had 
any cylinders fail by circumferential cracking, they have 
been fortunate. 

I agree with Mr. Bennett in his preference for one 
packing ring instead of several. The experience which 
inclines me to this belief occurred with a 25-pounder gun, 
not a forging press, though the two machines have many 
points in common. With the gun, replacement of a 
double S.E.A. ring packing by a single ring gave greatly 
improved results. The friction was much reduced, and 
from an average life of 3000 to 4000 rounds the packing 
had lasted 18,000 rounds when I last heard of it. I 
believe the outer packings only add to the friction and 
act as wipers but the latter function can be carried out 
by more efficient means. 

Mr. Benson mentioned the stalling of presses with 
direct pumps and I have been wondering where the 
water goes under these conditions. Does the operator 
watch the pressure gauge and regulate his bypass 
accordingly, or does he screw down the bypass and let 
the water escape through the relief valves? If the 
latter, I hope the relief valves are more adequate than 
those usually supplied for extrusion presses which appear 
to be designed as a last hope rather than for regular use. 
Perhaps Mr. Elkan could give us some comments on 
the design of the relief valves. 


Mr. P. M. Cook (B.I.S.R.A.): Would the authors 
elaborate on the specific pressure at different speeds of 
forging. In the paper, they state that for the ingot 
diameters after upsetting, the stalling pressures (2-2-5 
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Fig. G—Throttling characteristics with direct pumping and accumulators 


tons/in®) are generally accepted and give an approximate 
indication, but that on the more recent fast-acting 
presses (penetration speeds 6-10 in./s) it has been found 
that once an upsetting stroke has begun and is carried 
out continuously, the operation can be carried on down 
to specific pressures as low as | ton/in?. 

This seems to be the wrong way round. It is well 
established that at high speeds the yield strength of 
steel, worked at a constant temperature, will be higher 
than it is at low speeds. It would be interesting to 
know whether these particular figures I have quoted 
do, in fact, take account of the fact that on the slower 
stroke the material has more time to cool down, both by 
radiation and by the chilling effect of the tools. Is this 
effect a temperature effect and not a speed effect ? 


Mr. E. C. Houghton (Vickers-Armstrongs (Engineers) 
Ltd.): I have not yet read the paper, but after hearing 
it presented and discussed I am not clear about one 
point. Mr. Elkan said that it was very convenient to 
be able to ‘lose’ a lot of the adverse bending moment 
in the crown. Where does this go to, because the crown 
is still mounted on the columns? As far as I can see, 
it is bound to result in a bending moment on the columns. 
Perhaps this is the most efficient way of transferring it, 
but it is doubtful that the bending moment in the 
columns is negligible. 

In giving a list of heavy presses, Mr. Elkan did not 
mention the 8500-ton press which was installed a year 
or two ago in a Manchester steelworks. It was fortunate 
that direct central loading takes place, and no offset, 
eccentric loading was specified. Even so, in order to 
allow for the inevitable deflection of the crown and its 
consequent action on the columns, the frame was calcu- 
lated simply as a Portal Frame. The result was to 
add 1 in. to the diameter of the columns. Whereas 
26-in. columns would have been quite satisfactory to 
take direct central loading and ignore the transmission 
of any bending moment, the 26-in. columns had to 
become 27-in. columns. This supports my contention 
that they have to share this bending moment in the 
crown somehow. 

Mr. Elkan referred to the overloading of the motor. 
I do not agree with him, as the motor was probably 
quite satisfactory. There is still far too much of a 
tendency in driving pumps and similar machinery by 
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electric motors, to take the maximum requirement of 
the pump and make the motor either as big or even 
bigger. Nearly every press is working on some kind of 
cycle, and provided that the stalling range is not 
exceeded, the only way to overload an electric motor is 
by overheating it. As long as the root mean square 
value of the current taken over the cycle is within the 
capacity of the motor, the motor will not be overloaded. 
It may be a 60 h.p. load on a 20 h.p. motor, but as long 
as that condition pertains the motor will not be over- 
loaded. 

Finally, I do not know of any other way of obtaining 
a very rapid series of planishing strokes as efficiently as 
with the steam intensifier. 


AUTHORS’ REPLY 


Mr. Elkan: A large number of interesting questions 
have been asked and points raised, and whereas we may 
have to reply to some of them in writing, there are 
others with which I can deal now. 

Mr. Benson referred to the question of press sway, 
and the dynamic oscillations of the structure when 
planishing. We have investigated this and it is possible 
to calculate the natural frequency of the structure by 
using Rayleigh’s approximate method. The weights of 
the press parts are considered to act at various points, 
and the frequency of oscillation evaluated by the well- 
known method. If possible, we endeavour to proportion 
the press parts in such a manner that the 110 to 120 
planishing strokes per minute, or whatever one aims for, 
do not by a long way correspond to the natural frequency 
or to a close harmonic of this. However, the solution is 
to have the servo-gear sufficiently sensitive and res- 
ponsive on either side of the natural frequency, to 
overcome any danger of resonant condition should 
such arise. 

The speeds of the sliding tables as now supplied, vary 
between 10 and 12 in./s. 

Mr. Frith’s comments were very interesting; referring 
to the stalling pressure, we stated on p. 201 that once 
an upsetting stroke has begun and is carried out con- 
tinuously, the operation can be carried on down to 
specific pressures of as low as 1 ton/in?. Our wording 
may perhaps not have been very clear, but it is certainly 
agreed that it is possible to keep going down to pressures 
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even well below 1 ton/in?, provided the heat content of 
the ingot and the press power allow this. 

On accumulator sizes, column 8 of Table I assumes 
a useful accumulator capacity is based on an upsetting 
stroke of 0-75 to 0-8 X press stroke for presses between 
4000 and 5000 tons; for presses of 5000 tons and over 
the accumulator capacity is based on 0-65 to 0-7 xX 
press stroke. A number of empirical rules concerning the 
recommended proportion of upsetting stroke to press 
stroke exist. 

The figures given in column 10 of Table I for the 
useful accumulator capacity are somewhat low when 
compared to installed accumulators for presses up to 
about the 2500 ton mark, and somewhat high for the 
larger presses. The former is because more pumping 
capacity is installed in modern accumulator plant, 
compared to some of the earlier installations, as much 
higher rates of production are required. This is partly 
the result of more effective circuit design enabling a 
given press tonnage to be utilized nearer to its full 
rating than of old, and partly due to better handling and 
manipulation within the press, also in the forge and 
furnace bays. 

Mr. Frith states that he notes from Table I that 
20% of the operating hours has been taken as the 
period in which the presses are forging. This is a 
misunderstanding; it is assumed that the accumulator 
pumps are actually pumping on full load for 20% of 
the operating hours, and as stated on p. 205 the number 
of actual forging hours (i.e. the time a forging is actually 
in the press) varies greatly from plant to plant, and is 
generally between 40 and 60% of the operating hours 
(i.e. the time the forging crew is actually available for 
forging operations). Thus 20% of the operating 
hours that the accumulator pumps are actually pumping 
does not necessarily mean a bad utilization of the press 
as such, and it is often the case that the pumping 
capacity installed is large enough to satisfy the quick 
forging and planishing conditions, and therefore the 
percentage of ‘on-load’ time for the pumps bears no 
fixed relation to the percentage of the time that the press 
is actually being used. 

With Mr. Frith, I feel that it was strange that oil 
was used for a 7000-ton press installed in Canada two or 
three years ago. A pressing speed of about 1-5 in./s 
is certainly very slow by recent standards, and in this 
case the twin cylinder design does not make it possible 
to utilize the press at 2-25 or 4-5 in./s, at two-thirds or 
one-third press tonnage, which would have been possible 
with a triple cylinder design. The 3-throw pumps 
delivering 270 gal/min appear to be of the more orthodox 
water pump construction. 

In the space diagram of Fig. 11 (a) a 4000-ton press is 
considered and the 2000 tons shown represent half the 
load on one column pair. 

I think that Mr. Frith’s comments on the pros and 
cons of the twin cylinder design press are certainly 
correct, and stated very objectively. 

We are glad to have Mr. Pell’s comments. The valve 
design as shown in Fig. 5 (d) of the paper certainly does 
look like a water turbine, and it is not surprising that 
Mr. Pell experienced a spinning of such a valve assembly, 
if care was not taken to lock the parts of the valve 
seating case by suitable pins. We had a recent example 
of the use of such a valve, when, for a special application, 
we were anxious to speed up considerably the operation 
of an extrusion press, for which a pressing speed of 
15 in./s was required, and all possible expedients were 
adopted to cut down the losses between the accumulator 
station and the press. Thus all right-angle stop valves 
were fitted with streamline chambers as shown in Fig. 
5 (d), but as mentioned before, care had to be taken to 
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lock these by the use of suitable stop pins against them 
acting as turbine runners. 

The small erosion trouble experienced with the main 
inlet valve in the plant with which Mr. Pell is associated 
was, as he stated, completely and permanently overcome 
by shrouding the bottom row of holes in the valve seat 
by 50% of its area, and now this valve satisfies all 
requirements, viz. sensitive control with a small amount 
of opening, yet low losses when high volumes are passing 
through per second when high pressing speeds are 
required. These same requirements can be met by a 
design of a valve of type (b) in Fig. 5, where, however, 
care is necessary to obtain the right curvature on the 
valve protrusion so as to satisfy all the requirements. 

The constant-speed valve at present being developed 
is an electrically controlled hydraulic type, which will 
be used where it is required to operate a press at a 
constant speed, off an accumulator system. We would 
not like to say that it will yield constant speed within 
2-3%, but the limit will be within 10%. 

Dr. Bramley has focused our attention to the question 
of automation and remote position control. I think 
that his indications and prediction regarding future 
developments are correct. It is necessary to differentiate 
somewhat between a repetition product press, such as 
the 1000 and 2000-ton die-forging presses already 
illustrated in slides (Figs. A, B and the free-forging 
presses as discussed in this paper). The former are 
fully automatic and work on a form of position control, 
in that the operator can select beforehand the exact 
point at which the press is switched from its advance 
speed over to its pressing speed and pressure. 

Dr. Bramley will find that some automatic extrusion 
presses work on a form of position control. Some of the 
works people are at first a little apprehensive of the 
complication, but we have now between 20 and 30 
such installations, and the personnel are accustomed 
to them. This type of automatic control is employed 
whether water or oil is the working fluid, and is 
especially suited to extrusion presses which are very 
much engaged on repetition work where exactly the 
same discard thickness is desired, and the extrusion should 
be stopped at the same point, ete. This type of control 
has in fact been considerably developed for extrusion. 
drawing, and die-forging presses. 

As far as the orthodox free-forging press is concerned 
I can visualize a certain amount of resistance on the 
part of the practical forging man; it is not possible to 
hand over too much of the know-how of, say, 30 or 40 
years of practical experience to automatic devices, 
especially when such valuable items as 50- or 100-ton 
billets are being handled. It will not be possible in this 
type of work to dispense completely with the experience 
factor, for this is still the blacksmith’s work, and the 
human ‘feel’ is very much part of the technique. 
All this does not in any way detract from Dr. Bramley’s 
pointer, and I think that in the future we shall see 
progress made in the direction indicated by him. 

It was very interesting to hear Mr. Bennett’s ideas, 
particularly on methods of securing the tools. We are 
not always completely free to put forward certain 
details of design on a press as we would wish, for often 
the user to whom we supply a plant has strong ideas, and 
we may not always be able to tell him that his wishes do 
not correspond to the latest apparent developments. 

On the matter of packings, it is extremely interesting 
to hear of Mr. Bennett’s experience, and we would like 
him to tell us a little more about the comparative danger 
of failure of the types he illustrated, also the variations 
in working life. The choice of packing is governed largely 
by such factors as useful life, friction, and the hazards 
that would ensue upon sudden failure. As the friction 
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effect does not matter in a forging press, from this aspect 
there would be no objection to a multiple packing. In 
recent times we have frequently used a form of single- 
ring packing for applications where a ram had to fall by 
gravity, or where it was essential to keep the friction 
forces to a low value, but there is a definite trend in 
recent forging presses which favours the use of multiple 
packings. 

In reply to Mr. Alvey, I would like to state that 
whereas we do not know of a forging press of over 
7000 tons with a penetration speed of 6 to 8 in./s, we 
do know of an 8000-ton press working at 4 in./s. We 
have been approached by a number of forge operators 
who would like much higher speeds in their larger 
presses, and we have somehow to ensure that such higher 
speeds will be provided for upsetting work. We agree 
that the full advantage of high-speed heavy forging 
presses is only obtained when the handling facilities are 
provided to work at a pace much more in line with the 
press performance than has often hitherto been the case. 

We have compared the capital cost of the accumulator 
system with that of the direct drive system, and as 
mentioned on p. 205 of the paper, direct drive can hold 
its own on first costs with the accumulator drive up to 
penetration speeds of about 3 in./s, but only for the lower 
press tonnages. 

Mr. Alvey favours the direct pump drive, with which 
system he has for a long time been closely and eminently 
associated. However, we would hesitate to advocate 
rigidly the adherence to any one method of drive for 
all press sizes, for all penetration speeds, and irrespective 
of the many factors involved. It is not agreed that 
three pressure stages are necessarily required to give a 
measure of economy in working when using the air— 
hydraulic system for large presses. However, the 
availability of three pressure stages is certainly highly 
attractive; in some instances this would also apply to 
presses operated on direct drive, and where the avail- 
ability of three pressure stages would make possible 
three speed stages, an expedient which is not available 
with the twin cylinder design. 

On the question of running costs, and notably the 
comparison in Table I between a 6000-ton press on 
direct-drive and one on accumulator drive as mentioned 
by Mr. Alvey, the figures given throughout this Table 
were based on clearly stated assumptions, and as the 
cost analyses given were merely made to show the 
manner in which it is possible to get an approximate 
comparison, the 7000-ton direct pump drive press to 
which Mr. Alvey refers, which on an average requires 
only 138 kWh per operating hour, is compared to the 
figure of 605 kWh per operating hour set out in column 
21 of Table I for a 6000-ton press. This difference is 
perfectly in order, for Mr. Alvey did not give the per- 
centage of * idling’ to ‘on-load’ times for the 7000-ton 
press, i.e. the amount of work done per operating hour 
must be the same before any actual comparison is of 
value. It is the figure of 25-6 kWh/ton of ingot weight 
given by him, which is the real index to the efficiency of 
the press drive. 

On the whole question of the economics of one form 
of drive when compared to another, it is important to 
remember that whether one uses 200 units for a par- 
ticular operation or, say, 280 units for the same opera- 
tion, this is not really of great importance when handling 
ingots say, up to 80 or 90 tons. If one can get more work 
done per heat with all that this implies in less waiting 
time, less handling time, or even the absence of the need 
to reheat, it will be seen that whereas the whole question 
of running economics is, of course, important, we must 
not concentrate too much on the kWh which costs 1d, 
and try to save 100, 200, or even 500 kWh, at the expense 
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of having one or two more reheats. We must watch 
the economics of operation, but we must not be too 
influenced by ‘localized’ economics as opposed to 
overall plant economics, which includes the costs of 
furnaces, handling, and all the attendant manpower 
and administrative costs. The amount of power-saving 
between various forms of drive compared to the overall 
cost of running a plant, though significant, is not as 
important as one would anticipate, and any expedient 
which obtains more work per heat is of the greatest 
value. For this reason the high-speed air—hydraulic 
accumulator driven presses are proving so satisfactory in 
recently installed plants. 

Mr. Alvey asks whether the air—hydraulic system 
would be as reliable as direct pump drive. The direct 
water pump drive system certainly is reliable, and no 
better proof of this was given than in Mr. Alvey’s paper 
presented some years ago, in which some instances were 
cited of water pumps which had been running for 15 to 
20 years with a remarkable record of absence of break- 
down. The much maligned slow-running water pump 
has a great deal to be said for its reliability, which is 
very important in forging plant. As far as the air 
hydraulic accumulator is concerned, there are now 
hundreds in operation in many lands, yet the accumu- 
lator system also has to rely on pumps as does the direct 
drive system, its other constituent parts are static, i.e. 
bottles and piping which certainly are not subject to 
wear. There may be five or six pumps in a station, and 
even if one or the other might be temporarily out of 
action, this does not involve a breakdown in the func- 
tioning of the plant. The reliability of air—hydraulie 
accumulator stations in charge of a good maintenance 
engineer is very high indeed. 

It has been pointed out that it may be slightly detri- 
mental that the central rams in the presses shown in 
Figs. 2 and 3 of the paper, have to transmit a certain 
amount of horizontal force due to eccentrically applied 
loads. By having a very large resistance arm (h in 
Fig. lla) i.e. by having the reaction to the eccentric 
couple very high up in the platen and very low down on 
the column, it is possible to make the actual value of the 
force very small indeed. Furthermore, amply propor- 
tioned bronze bushes are provided, and bearing pressures 
may be considerably less than 0-5 ton/in®. A mechani- 
cal structure may certainly be subjected to more than 
one force, including that due to fluid pressure, for as long 
as the sum of all the stresses and the resulting deflections 
is low, no harm whatever is done. 

In reply to Mr. Brisby’s comments that the Clapeyron 
three-moment equations would have been simpler, we 
would state that this and similar mathematical methods 
are not self-checking; they are accurate but they are 
also very sensitive in their evaluation, and it is necessary, 
for example in the case of the Slope-Deflection method, 
to use six- or seven-figure logarithms. It would have 
been valuable if Mr. Brisby, apart from setting out 
the matrix of his equations, had completely worked out 
one of the cases as given in the paper, when I believe 
that his method would prove too sensitive and lengthy 
in detail evaluation, apart from possibly being of too 
high a mathematical standard for industrial design 
offices where these problems are met and promptly 
have to be dealt with. 

Although I feel I am not entirely qualified to judge, 
I do not share Mr. Brisby’s pessimism regarding the 
assumptions made. A similar overall criticism could be 
levelled against the whole theory of bending, which after 
all is only an approximation yet is nevertheless used 
throughout industry. Referring to the use of mathe- 
matical models of doubtful validity and the advantage 
of adhering to rules-of-thumb, reference to columng2 
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of p. 213 of the paper will show that the rule-of-thumb- 
column stress would have been 1-82 tons/in?, whereas 
the analyses used indicate actual column stresses of 
8-42 tons/in’. The calculated deflections have been 
checked with those occurring in practice and have been 
found to agree substantially; similarly, calculated 
stresses have been confirmed by strain gauge readings. 
I suggest that the methods of calculation used in industry 
may not always be based on academically faultless 
assumptions, and approximations may have to be used, 
but as long as these yield safe answers, e.g. within 10% 
of the actual stresses and deflections as found, they are 
surely adequate. 

Regarding Mr. Brisby’s question on the future of heavy 
presses and the use of weldments, there is a continuing 
trend for bigger and more powerful plant. Even when 
alternative methods of construction such as welding are 
available, this does not imply that heavy forgings will 
not also be required. There is little doubt that ingots of 
350 to 400 tons will have to be forged from time to time. 

As a matter of interest we employed some welded 
cross-members on several presses in recent years, utilizing 
welds to a depth of 7 in. which, by careful and adequate 
stress relieving treatment, yielded structures which are 
operating perfectly safely in production. 

I am sorry that Mr. Melville has fears that the cylinders 
as illustrated in Figs. 2 and 3 have ends that might 
drop off some day. The illustrations are diagrammatic 
only, and there are certainly no flat ends. The cylinders 
are generally made of forged steel with a very generous 
radius at the closed upper end, and no trouble is experi- 
enced with cylinder failure as long as sudden changes in 
direction and other sources of stress concentration are 
avoided. It is also necessary to ensure that the depth 
of the flange is adequate, to avoid too much deflection 
by shear and bending. 

Relief valves as used for extrusion presses have 
undergone considerable development in recent years, 
notably in their use with oil as the operating fluid. 
One must differentiate carefully between relief valves 
installed purely as a safety feature or ‘ last hope’ as Mr. 
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Melville calls them, and those deliberately built into a 
circuit for the purpose of by-passing varying quantities 
of fluid under certain predeterminable conditions. 

Mr. Cook must have misunderstood our comments 
concerning the stalling pressures when upsetting, 
which we stated as varying from 2 to 23 tons/in? down 
to 1 ton/in?. It has been found that once upsetting has 
started it is advantageous to continue, for the conditions 
are very different if one stops and starts again. We 
certainly would not try to claim that resistance decreases 
with speed; as he says, the effect at least partially, is a 
temperature effect. A certain amount of heat is generated 
as work is put into the ingot (perhaps the metallurgists 
will be able to tell us the exact amount) and there is 
little doubt that the slower the upsetting stroke, and 
for that matter a pressing stroke in general, the less 
heat is generated within the work piece, the more time 
the latter has to cool down by radiation, by conduction 
(i.e. chilling effect of tools etc.), and to a lesser extent 
by convection. 

Mr. Houghton asks where the adverse bending 
moment goes to in the crown, and feels that this must 
result in additional bending moment on the columns. 
In fact the average crown, or upper platen, of a press is 
very rigid, i.e. its flexural rigidity is many times that 
of the slender columns, and thus the eccentrically applied 
moment results in an additional pull on one column 
pair and a corresponding push (a decrease of tension) 
on the other. 

The reason the 8500-ton press installed a short time 
ago in a Manchester steelworks was not mentioned. 
was because this is a railway wheel press, and we have 
tried to confine ourselves in this paper to free-forging 
presses. 

I quite agree with Mr. Houghton’s comments that there 
is no such thing as overloading an electric motor, except 
in that this implies overheating it. In the assumptions 
made in Table I, the nominal installed h.p, rating was 
taken as 60% of the hydraulic h.p. which may mean 
that in some instances the h.p. load is in excess of 100°, 
of the nominal h.p. of the motor. 


Part 2 


HYDRAULIC SYSTEMS 


Mr. Elkan introduced the sections of the paper on 
hydraulic systems. 


Mr. Bennett: Under the heading ‘ Working Fluid ’ 
on p. 204, the authors recommend 2-3% of soluble 
oil to be added when water is used as the pressure 
medium. Whilst this is desirable initially when starting 
up a new plant, the proportion of soluble oil to water 
may, when working, be satisfactorily reduced gradually 
to 1%, or even as low as 0-:5%, with corresponding 
economy, provided the oil used is stable at such dilution. 
Soft clean water only should be used, and the working 
temperature kept below 40° C, with 50° C as a maximum. 

No mention of a filter is made by the authors. 
Although clean water is used for the initial filling, this 
in time becomes contaminated by foreign particles from 
the pipework, packing materials, etc., which, if not 
removed, can cause much trouble through ‘ dirt-lock,’ 
particularly on valve mechanisms. I suggest that a 
filtering system should be incorporated, capable of 
dealing with the complete volume of water at least twice 
a day. What are the authors’ experience and recom- 
mendations on this ? 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


The authors point out that considerable damage often 
results when excessive pressures occur through water 
hammer when valves are suddenly closed or opened. 
To obviate this effect it is usual to install expansion or 
surge vessels, but even then water hammer can still 
persist. This high-pressure equipment can be very 
expensive to install and maintain as was shown in the 
paper by Mr. Alvey, which has already been mentioned. 
I am convinced that it is wrong to attempt to exhaust 
pressure water direct into an air-loaded reservoir or 
to an overhead supply tank, although the inclusion of 
expansion vessels does reduce the shock. In the latter 
case, the static head of water may be only a few 1|b/in* 
but the effort necessary to get this column of water 
suddenly on the move is very considerable, resulting in 
water hammer, fatigue of the various parts, and conse- 
quent failure. 

It seems to me that stored energies from all sources 
can be quickly dissipated, avoiding water hammer, by 
exhausting to atmosphere through an open pipe direct 
into a tank below ground and situated immediately 
beneath the hydraulic-control valve gear. A _ small 
motor-driven pump is then necessary with suitable 
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water-level control to return the water to the reservoir 
or overhead supply tank. It is advisable to have a 
duplicate pumping set coupled up as a standby. This 
system has been used in connection with small hydraulic 


presses working from an accumulator at a pressure of 
2 tons/in? with no trouble and a complete absence of 


water hammer and shock, even with quick reversals. 

I described this arrangement at the time of the 
discussion following the presentation of Mr. Alvey’s 
paper and I should like to know whether the authors 
have used such an arrangement in the circuits for large 
presses or, if not, what the objections are to its adoption. 

On the matter of the comparative life of U-leather 
rings and single moulded fabric packing rings the follow- 
ing figures may be of interest. On one forging press 
the average working life of U-leather packing was 
425 h; the method of packing was then altered to use 
a single moulded fabric ring and the average life 
increased to 3013 forging hours. On another press 
the lives were 726 and 2310 forging hours respectively. 
Many factors determine the useful life of packings but 
in every case where the single moulded fabric ring has 
been adopted a much longer life has resulted. 


Mr. Pell: Comparing multiple and single packings, 
we have actually worked for 3 to 33 years with one set 
of four packings, which means 9000 to 10,000 forging 
hours. That is a fair average on a 2]-in. dia. ram. 


Mr. F. H. Towler (Towler Bros. (Patents) Ltd.): 
The authors are to be congratulated on the objective 
way in which they have treated this subject. Al] makers 
and users of hydraulic equipment for forging suffer from 
a considerable lack of facts. Whereas steam engines 
from the outset were provided with indicator diagrams, 
there are very few published indicator diagrams for 
forging presses. Much of the talk about speed is almost 
pure conjecture; the users of hydraulic presses should 
find out how fast their presses really do work. 

The figures of loss of rated power with maximum 
speed, confirm my own observations. I have taken 
one set of indicator diagrams, on a forging press in 
Paris, some of which I have published in another paper*; 
but for this Institute I should like to have some more 
diagrams before I go into print. I hope to get them 
within a year or so, because we have several other direct 
hydraulic forging presses going into operation in various 
European countries. 

There is little published information about the 
maximum permissible rate of decompression. In the 
development of our own valves we have had some work 
done by the Department of Scientific and Industrial 
Research, with their valuable oscillograph instruments. 
We have actually measured the rate of decompression, 
and we find that we can definitely decompress at a 
mean rate of 3000 h.p. with oil, without difficulty or 
damage. This was on a 1000-ton press. 

There is a very distinct difference between water and 
oil, e.g. the cavitation damage with oil is much less 
than with water. Cavitation damage with water is 
really very serious, owing to a combination of corrosion, 
erosion, and cavitation. On the other hand, it has been 
proved in the laboratory that cavitation damage with 
oil is almost negligible, which makes it possible to work 
at very high oil-velocities through the decompression 
valves. 

We have not experienced any ‘grit lock’ due to 
‘closer clearances’ as suggested by the authors on 
p. 205; we have found that closer clearances prevent 





*** Control Valves for Direct Hydraulic Presses,’’ Proc. Inst. 
Mech. Eng., 1953, vol. 1B, pp. 420-427. 
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grit entering the lapp, and Mr. K. J. Whiteman of the 
British Hydraulic Research Association has shown that 
this also prevents hydraulic lock. 

The authors say that some high-speed pumps are not 
as reliable as slow-speed pumps, but it must be remem- 
bered that the slow-speed pump which may be of 
600 h.p. or more, is a very large unit. If anything goes 
wrong the resulting breakdown is serious. But with 
high-speed pumps a large number (perhaps 20) will be 
used, so that if one or two break down there is plenty 
of time to overhaul them individually. Moreover, the 
high-speed pump is small, fairly cheap to replace, and 
can be sent by air to remote places so that repairs 
can be carried out quickly and cheaply. 

The authors also mention peak loads; a high-speed 
pump driven by a motor at 1440 rev/min might put a 
serious peak load on the power line. Our experience so 
far is that those peak loads are not of any great moment 
in a steelworks, because there are other items in the 
plant, such as rolling mills, which take very much bigger 
peak loads, so that our peak loads have seemed com- 
paratively small; I am speaking of forging presses of 
1500 tons downwards. The authors are probably 
right in saying that there is a limitation of size so far 
as the direct drive is concerned at present, because 
sufficiently large high-speed pumps are not available to 
cater for very large presses. It must be borne in mind, 
however, that there are not many very large presses 
extant. The largest potential field consists of presses 
under 1500 tons, and it seems likely that this will be 
developed very greatly in the near future, particularly 
for special alloy steels, where the rate at which energy 
can be put into the metal is limited. 

The metal is heated by the forging input, and if 
required, it can be made hotter than it was when it 
went into the press, but with high-speed and _ high- 
quality steels that is often undesirable. There is a 
definite limit to what can be done with special steels in 
the way of heating or cooling. 

Many of the high forging speeds which are mentioned 
are advocated, particularly for planishing, to reduce 
the time the tool is in contact with the steel. There 
are two ways in which that time can be reduced; one 
is to increase the speed of penetration and the other 
is to reduce the time of the reversal. The latter is the 
better solution but it is limited by the rate of decom- 
pression. 

A great deal of research still seems to be necessary to 
see how rapidly it is possible to get rid of energy. The 
British Hydro-Mechanics Research Association has done 
some work in this direction. The D.S.I.R. has assisted 
by conducting research into the rate of decompression 
and the rate of flow through valves, but a great deal of 
work has still to be done. 

In the case of the 7000-ton press in Sheffield, pipeline 
velocity is about 10 ft/s from the pump to the press, 
which means that the pipe is quite large. Consequently 
there is at least one main cylinder volume in the pipe 
between the pump and the press, thus doubling the 
amount of energy which has to be destroyed before the 
press can be reversed. 

On p. 205 the authors refer to energy being taken from 
a flywheel through a period of 40 s. This deserves 
explanation, because if energy is taken out of a flywheel 
for 40 s, then forging at 2 in./s represents a stroke of 
80 in., and at 5 in./s a 200-in. stroke. Forty seconds 
seems rather a long time. With repeated strokes it is 
possible to take the energy out of the flywheel, and in 
between strokes it is possible to put it all back. I 
should like the authors’ views on that. On the same 
page they refer to the flow as being probably streamline, 
but according to our own practice, I do not agree with 
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this. We use comparatively thin oil (20-50cS) and 
fairly high pipe velocities (about 30 ft/s). There is 
a very great advantage in high velocity, quite apart 
from reducing the size of the pipe, in that there is not 
so much liquid under compression, and that affects the 
amount of energy which must be disposed of at the end 
of the stroke. 

Pressure surges must also be considered when operating 
at high pipe velocities. The answer is what Mr. Elkan 
has described as a negative one, namely, to have no 
pipes but to mount the valve right on the press, as we 
have done in our latest designs, and avoid the long 
pipeline. That has certain definite advantages, and 
it has been effective. In the paper, the authors deprecate 
complication in valves and equipment. We all drive 
motor cars, and they are very complicated, but provided 
they do not go wrong, we do not complain of the com- 
plication. We live in a complicated age, and it may be 
a long time before we get back to the simplicity of being 
able to hit something with a hammer to make it work. 


Mr. B. E. P. Lavender (Stein and Atkinson Ltd.): 
On p. 207, the authors refer to the servo control of large 
valves, and I should like to touch on this in relation 
to its effect on water hammer. It would appear that 
if we can provide the means of servo control incorporat- 
ing the proper type of valve spool to pilot some of the 
pressure off before the porting is open, then much could 
be done to stop the thump or shudder resulting from 
high-speed columns of water in motion which is evident 
when we open up high-pressure water ranges. In oil 
or water hydraulic circuits this can be accomplished 
by suitably gashing the spools of control valves in such 
a manner that when they cross their porting positions a 
gradual levelling off of the pressure is achieved and, 
what is more important, such is the precision of servo 
control that the previous crude methods whereby the 
valve was either open or shut are avoided. 

I should also like to refer to the possibilities, especially 
on the smaller ranges of presses, of applying oil hydrau- 
lies. It is orthodox to employ pre-filling for the main 
rams and use auxiliary rams for the rapid closing and 
opening as opposed to large direct pumping equipment 
involving great expense and large input horse-powers. 
I have in mind not so much large forging presses but 
smaller ranges of presses. This point is worthy of note 
of exactly what can be done with these unloading 


hydraulic circuits giving the distinct advantage of 


rapid motions and high tonnages with very low horse- 
power inputs. 


Mr. Frith: With reference to the pumps which I 
mentioned earlier, Mr. Elkan said that he did not see 
why water could not be used. Water could be used; 
the choice of oil was unusual in that oil was used with 
a type of pump which normally employs water. 

To refer to Dr. Bramley’s remarks about position con- 
trol, the normal servo gives velocity control but not 
position control. If the position control which is 
required is a definite distance between the top and bottom 
tools of the press, it is quite easy to arrange; but with the 
normal forging press there is one other factor to consider. 
Usually part of the stroke is done as a pre-filling stroke, 
then pressure is applied and the forging stroke is carried 
out. The point at which pressure is applied can vary 
with every pass of the forging through the press, and 
the position control must operate at that point, which 
is a variable point. 

The steam-—hydraulic intensifier press had in the 
intensifier a member which moved only when the press 
was under pressure and not during the idle stroke. 
It could be used admirably to operate the feed-back 
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gear back to the valves, and in a rough and ready way 
position control was given, inasmuch as when the 
operator ceased to move the handle, the press ceased to 
move, subject to the expansion of steam. Such a 
device could be repeated, but it would be a little more 
complicated with the normal pump and accumulator 
or direct pump press. 

In Appendix III there is a very interesting note 
about water hammer effects, in which it is shown that 
the excess pressure rise in the pipeline due to water 
hammer in |b/in® can represent 63-8 times the velocity 
of the moving water in ft/s before the start of complete 
valve closure. Goodman, in Mechanics Applied to Enyi- 
neering, gives a figure of 63-5. Taking a figure of 60 as 
approximately correct, then with a velocity of 30 ft s, 
if the valve was shut practically instantaneously there 
would be a pressure rise of 1800 lb/in? above the nominal 
line pressure. From the point of view of the pipe-line 
the relative increase is less at high pressure than at low, 
because this build-up is irrespective of pressure and 
solely a function of velocity; and 1800 lb/in* represents 
far less when added to a pressure of 4500 Ib/in® than 
when added to a pressure of 1500 lb/in* and can come 
within the normal overall capacity of the pipe, whereas 
with low pressure it can virtually double the pressure 
and so cause trouble. Many of the difficulties with pipes 
and systems generally may have been due to lack of 
information on this point. 

As the authors show, the velocity of 30-40 ft/s through 
pipes and valves is the ideal to aim at, and anyone wlio 
uses a velocity of 70-80 ft/s is asking for trouble. 


Mr. Benson: I agree with Mr. Towler that press 
performance is not indicated by penetration speeds 
alone. ‘To assess the performance of a press, pressure 
time and travel/time diagrams are needed. These record 
the time taken to build up forging pressure; the main- 
tenance of pressure during penetration, the time of 
decompression, the time of lifting, and the time in the 
‘up’ position taken for manipulation. This last item 
is independent of the press and will make clear how a good 
press can often be spoilt by bad manipulation, either 
through unsuitable tools and methods, or slowness of 
the plant available. 

It may be possible, with such diagrams, to see the 
difference between one press driver and another, where 
one driver slows the press down more than another, in 
order not to over run the ‘size’ mark on the position 
scale, a trouble we hope may be obviated by position 
control. 

Regarding position control, I would suggest to Dr. 
Bramley that the object to be sought first by this 
innovation is mainly to keep the press moving at 
maximum speed and to stop it with reasonable accuracy 
at a desired point. This desired point must in general 
forging work be varied from stroke to stroke of the 
press. The simplest examples, e.g. tapered ingots. 
forgings with steps or tapers, rectangular forgings. 
and even the limitation of press travel imposed by the 
danger of overlaps, all require a constant variation of 
press travel and make it difficult to visualize for some 
time the success of complete preset programmes of 
press movements for anything more than cogging 
straight, round, or square bars. 

Regarding overloading of presses, I quite agree with 
the limits suggested in the paper, but as a forge operator 
I ask how often do we limit ourselves to the sizes given 
to 10-ton ingots of 29 in. mean dia. with a 1000-ton 
press, for example. The figures do not even give a 
full measure of the overload if they are exceeded, because 
they assume normal forging temperature and do not 
allow for cold heats, wide thin slabs, and extra loads 
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caused by offset forging with a broad bottom tool and a 
narrow top tool. 

The bad effect of overloading cannot be too strongly 
stressed. If a high-speed press is installed capable of 
the very fast penetration of 10 in./s, and the press is 
overloaded, two things happen: (a) If the press is operated 
by air-hydraulic accumulator it will be in the stalled 
condition and will be exerting its designed total pressure 
and penetrating only at a speed such that the resistance 
is equal to this total pressure; comparatively little 
overload is sufficient to reduce the penetration from a 
high speed toacreep. (b) If a direct pump-driven press, 
with pumps working at constant speed, is similarly 
overloaded, pressure will also rise to the maximum and a 
relief valve must operate somewhere in the circuit to 
prevent a disastrous overload. Whilst this relief valve 
is open, designed penetrations are not being obtained. 

Overloading, therefore, causes dangers of overstressing 
the plant, while it is obviously wasteful to install a high 
speed press and then cause it to work at lower speeds, 
by overloading it. 

Release of load sometimes happens during forging, 
e.g. when something slips under the press, ete. Experi- 
ence has shown that with a steam—hydraulic intensifier 
with steam lifting, if anything happens at all it happens 
in the intensifier, and there is a sudden shock due to that 
release; but with a pump-driven press, having a constant 
hydraulic pressure in the lifting cylinder during the 
stroke. a sudden release of energy causes the press to 
drop and build up very high pressure in the pipeline to 
the lifting cylinder. In our experience bursts have 
occurred in these pipelines. Are there any develop- 
ments which will avoid this danger? 

In long pipe lines, with a total pressure of 16 atm 
the loss in a 90-ft pipeline was 0-6 atm. If the pipe-line 
were five times that length (450 ft), the loss would 
presumably be in proportion and would be about 3 atm. 
This would be an acceptable loss if a press were built 
450 ft from the accumulator pumping station, but that 
would involve a long column of water stopping and 
starting up to 100 times a minute. Would it be 
satisfactory? 


Dr. Bramley: From one or two things said this morn- 
ing, with regard to eccentric loadings in particular, 
I think that perhaps the mathematics are not as com- 
plete as they might be. Have any forge manufacturers 
or users at any time put strain gauges on their forge 
housings to verify whether the design criteria which are 
being followed are in fact true? If this is done they 
may have a surprise. I do not think it would be difficult 
to do, and it would give some extremely useful informa- 
tion. 

Mr. Elkan has mentioned that he already has some 
extrusion presses which work on position control. 
There are a number of presses which work on a rudi- 
mentary form of position control, but those with which 
I am familiar have a very low order of accuracy. Is 
there any quantitative information available on the 
sort of accuracy which can be obtained, e.g. on hydraulic 
control]. with an order of accuracy better than 1%? 

Two or three speakers have suggested that remote 
position control may not be sufficiently flexible, but 
perhaps they had pre-setting programmes in mind. 
In a pre-set programme control, which is a development 
of the ordinary position control, a series of stops are 
set, and every time the operator presses a button the 
various operations are effected in sequence, one after 
the other. That does involve a certain amount of 
inflexibility. At B.IS.R.A. it has been realized for 
some time that this is a disadvantage of position control, 
and we know of several developments of position control 
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which have failed because of this lack of flexibility. 
Therefore, we have concentrated on building a flexible 
control. I do not now refer to hydraulic control, but 
I think that what can be done electrically can be done 
hydraulically and by other means, so that my remarks 
will probably apply to hydraulics. 

There is a 50-h.p. motor mock-up in the B.I.S.R.A. 
laboratory at Battersea which is under remote position 
control. It has a completely flexible arrangement and 
an inflexible arrangement incorporated side by side. 
There is a ratchet wheel which can be pulled round 
by means of a lever in steps of about 0-01 of a turn. 
and it may be pulled round 1-12 steps at will. It is 
for a screw-down, and if it is set at 8 steps this means 
that each time the lever is pulled there are 2 in. of 
screw-down. If the ingot is too hot, a knob may be 
turned to alter it to 7 or 9 or whatever is thought 
necessary. In addition, there is a hand-wheel on it, and 
by this means the control can be set to any analogue 
dimension. It need not have anything to do with the 
ratchet; if the control is too inflexible with the use of 
the ratchet, the ratchet is abandoned and the hand-whee! 
used. The ratchet is completely independent of the 
hand-wheel, and vice versa. 

These * higher quality controls,’ as they may be called. 
have all the advantages of old controls and a good deal 
more. Inservomechanism theory, controls are classified 
according to their order. It is fair to say that the last 
war brought forward a new technology in servo control. 
simply because the old controls were not good enough. 
Over the last decade or so, control systems have been 
produced of a far higher order of control than ever before. 
But this technology has not been applied in the steel! 
industry to the extent it should be. Here is a vast 
new field which so far has been used only for warfare, 
but which should have a very useful application in heavy 
industry in the country generally. I do not think that 
it is a valid argument to say that these high order con- 
trols are going to be inflexible. Although there are 
exceptions, it is surely reasonable to say that most of 
the things which can be done with the old, crude controls 
can be done a good deal better with the new, high quality 
feedback controls. 

We have been told that what is required of position 
control is a control which will move the press head 
forward so many inches after it has touched the piece. 
That is not at all a difficult requirement, but I am not 
sure that it is what is really needed. Remote position 
control should allow any workpiece to be worked to a 
finished dimension between the press head and the anvil. 
If in the early stages only a certain travel is required, 
that can be effected. It is not very important if this 
cannot be effected quite as accurately as working 
between the anvil and the press head, because the 
final measurement with remote position control will be 
the finishing dimension, and it should be possible to 
finish that to a high order of accuracy. 

I agree with Mr. Benson that more attention should 
be paid to indicator diagrams. They are really a kind of 
illustration of the steady state, in a fairly flexible manner 
of defining it. However, is enough attention being 
paid to the transient response of the forge? These big 
pieces of machinery have their own periods of vibration. 
It was mentioned this morning that everything possible 
is done to avoid the natural periodicity of the forge, for 
obvious reasons. It seems to me that in these days, 
when high order control systems are being designed, 
steps should be taken to obtain the transient response 
which is required, rather than to put up with what 
transient response is obtained, and more attention should 
be paid to the equations governing the transient response 
of these heavy forges. 
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Mr. W. G. James (James Walker and Co., Ltd.): 
Referring to packing, the single ring with lips no doubt 
has its place in industry but forging presses present a 
specialized application. A single U-ring offers one chance 
only of sealing a fluid and, therefore, it is necessary for 
it to have comparatively long thin lips to accommodate 
ram deflections and to seal under low-pressure conditions. 
On forging presses, packing wear rate is high and it is 
not long before such a seal is useless. Furthermore, 
extrusion of the packing takes place in the clearance 
between gland bush and ram. The extruded material 
comes from the base of the U-ring, weakening it at this 
point, and under shock loading it is only a matter of 
time before rupture occurs. 

In a multiple-ring set, the rings are much more robust 
and the lips do not have to be so long, as there are more 
of them. It is not simply the first ring which does the 
sealing ; they all contribute, the first doing the major 
portion, of course. Each ring helps to prevent extrusion 
of the preceding ring and the comparatively large mass 
of material under the lips swells in time, to some extent 
making up for wear. 


Mr. T. C. Lindop (Loewy Engineering Co., Ltd.): In 
reply to Dr. Bramley’s colleagues’ remarks on the mathe- 













































































































































































Fig. H—Gland packing affected by wear 
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matics in this paper, I say we are not mathematicians 
but engineers. It is only to get a much more accurate 
assessment of the stresses in the press columns that more 
modern methods of calculation have been used. 

The Moment Distribution method used in this paper 
is now fairly well known to structural designers. It can 
be carried on to any degree of accuracy by increasing the 
number of operations which are only of simple arithmetic. 

This is what we engineers want, because we have no 
time for long calculations and very few mathematicians 
that come into the design office remain skilled in the 
art after 12 months. 

By using method (2) of the paper, we can obtain in 
just over an hour a good idea of the maximum stresses. 

If the mathematicians can give us more accuraté 
figures in the same time, by all means let us know their 
method, but they must realize that time to do these 
calculations is to be the minimum consistent with the 
accuracy of + 10% on the maximum stresses. 

When we use these methods we are all the time 
designing the machine and the mathematics is used as 
a tool to give results on the safe side. If we have a 
flange 14 in. wide and we think the stress across this 
flange varies, then we do not use 14 in. in the calcu- 
lations. Where these stresses have been ascertained 
by strain gauges, the result has been that we were agree- 
ably surprised to find actual stresses lower than those 
given in our calculations. 


Mr. F. §. Salter (Loewy Engineering Co., Ltd.): I 
shall amplify what has been said about the use of a 
central cylinder for the dual purpose of guiding and for 
producing thrust. It is recognized that taking side 
thrust on a ram is bad practice and inevitably gives 
trouble, but in the presses described by the authors, 
there is a little danger of side thrust being transmitted 
to the hydraulic ram. A central guide stalk rigidly 
rooted in the moving crosshead is provided. The top 
of the stalk is bushed and slides in a guide way. The 
stalk is hollow, and also serves as the central cylinder. 

It is to be noted that the gland bush travels with the 
guide stalk bush and slight angular movements of the 
stalk are possible within the limits allowed by the 
normal running clearances. The ram is not rooted to 
its abutment above the press entablature, and can move 
sideways freely to adapt itself to the alignment taken 
by the guide stalk. In Fig. H, in which the effect is 
much exaggerated, the movement due to eventual wear 
is shown to affect the gland packing to a very slight 
degree. 

Reference has been made to avoiding hydraulic shock 
caused by abrupt closure of piston valves by gashing 
the spools, thus allowing a small flow before the spool 
uncovers the port. The modification of the conventional 
mitre valve shown in Fig. 5b of the authors’ paper has 
the effect of reducing the flow almost to nothing when the 
mitre valve is nearly closed. By this means a much 
improved characteristic of opening is achieved, reducing 
shock and giving finer control. What is more important, 
however, is that energy due to the high velocity through 
the nearly closed valve is absorbed, not by impingment 
of the water on metallic surfaces, with consequent wear 
but by turbulence within the fluid itself. 

Another question arose about the type of press in 
which the guiding is done entirely within the top cross- 
head. It was asked “ where does the bending moment 
go to?”’ I think that the answer is that no bending 
moment is created. The press may be considered in a 
state of static strain with the full pressure exerted on the 
main cylinder, and the work piece placed between the 
anvils but set a little to one side, whereby the load 
imposed on the tie rods is unequal from side to side as 
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in Fig. J. Thus, only vertical forces are acting. No 
lateral forces are resisted by the columns due to the 
eccentric condition of loading. 

We have experienced a few breakages of hydraulic 
cylinders, not necessarily of our own make. There have 
also been cases of faulty castings. I would hasten to 
point out that these were not due to bad design, such 
as abrupt changes in section. Instances have occurred 
of broken cylinders which appear to be perfectly propor- 
tioned, proving that it is not always deficiencies in the 
cylinder proportions which cause the breakage. A 
weak crosshead which gives excessive deflection can 
concentrate the load on certain portions of the cylinder 
flanges, with consequent breakage. Cases have occurred 
where one or two replacement cylinders have been fitted 
before the true cause of the trouble—a weak supporting 
crosshead—has been discovered. 


Mr. Melville: The subject of hydraulic pipes has not 
yet been‘raised in the discussion. A recent fatal accident 
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Fig. I—Unequal load on tie rods by workpiece off-set 
between anvils 
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has led us to make a survey of hydraulic piping and the 
results have been most illuminating. The number of 
cracked pipes found runs into double figures and all 
these pipes would have burst eventually if left in service. 
The cracks invariably occurred at the neutral axes of 
bends and were found to be due to corrosion fatigue 
under the stress concentration caused by the distortion 
of the pipes from the circular form. We have been 
able to evaluate these stresses approximately by calcu- 
lation, and have found that 18,000 lb/in? on the maximum 
shear strain energy criterion is the maximum which 
can be used safely in pipes of 23-ton steel. To limit the 
stresses to this figure, we are changing to heavier pipes 
and restricting the degree of flattening at bends to a 
definite figure. Hydraulic plant manufacturers appear 
to pay little attention to this matter and there must 
be many pipes in this country which may burst any day, 
possibly with fatal results. 


AUTHORS’ REPLY 

Mr. Elkan: Mr. Bennett has raised the question 0 the 
percentage of soluble oil which is required in a closed 
water system. The figure of 2% to 3°, stated in the 
paper should have been given as 1 to 14°), the normal 
recommended figure, and I am grateful to Mr. Bennett 
for drawing attention to this point. 

We were interested in Mr. Bennett’s figures in connec- 
tion with packing life, for it is exactly this interchange 
of experience which makes meetings of this kind valuable. 

I would like to deal next with Mr. Bennett’s point 
on the exhausting of pressure water directly into an 
air-loaded reservoir, or into an overhead supply tank. 
It is agreed that the energy must be dissipated; some 
of the energy of the press is dissipated partially in internal 
vibration, i.e. the columns ‘ pull’ themselves together 
and dissipate much strain energy. Some of the strain 
energy of the cross members, and most of the liquid 
energy is generally destroyed in the unloading valve 
which may be situated in the main outlet valves or in 
other convenient locations. We have not used the 
expedient indicated by Mr. Bennett; but we have 
had no trouble with the methods of unloading which 
we have used, nor with our special unloading valves. 
One way of destroying energy is by letting a force move 
through a certain distance, e.g. a spring pushed through 
a certain distance will absorb mechanical energy, and 
we can then allow it to extend back to its free unstrained 
position at a slower rate than that at which it was 
compressed. A very effective form of spring is the air 
cushion; this will absorb energy at a very high rate 
and then allow its release at any controlled slower rate. 

It may be a negative way of giving a positive answer 
to say that by the expedients we use we have encountered 
no troubles. There may be other effective means of 
dissipating energy, but we have certainly had no undue 
wear or erosion on pilot valves or other pressure unload- 
ing devices adopted, and which have sometimes had to 
deal with up to 120 sudden pressure releases per minute, 
e.g. when planishing. 

Mr. Pell’s figure for the packing life experienced on 
his plant is certainly encouraging; one point that may 
have escaped the previous discussion of this aspect is 
that factors such as the degree of cleanliness of the 
atmosphere, and the water temperature of the circuit 
will also have a marked effect on the life of packings. 

In reply to Mr. Towler’s remarks, I would state that 
the talk of higher speeds of forging is no longer a matter 
of conjecture. In recent times there has been a steadily 
increasing demand by forging operators for higher 
penetration and auxiliary speeds, and the press manufac- 
turer and designer must meet it. The press user now 
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wants high speeds of operation but at the same time 
he wants to squeeze the work at something very near the 
rated tonnage of the press, and it is necessary to design 
the circuit so that the pressure is available at the press, 
coupled with the required high speeds of working. 

With the water-operated pump and valve equipment 
supplied with hundreds of installations, we have not 
encountered any great cavitation troubles. 

On the possibility of using very high velocities through 
decompression valves, there has certainly been no diffi- 
culty with the valves we have used with water. In 
general, when considering velocities through valves, very 
much higher speeds can be tolerated through water 
valves than through oil valves, and both experience and 
theory indicate that permissible oil velocities are generally 
in the region of half those that can be used with water. 
There is no doubt that oil results in fewer corrosion 
tendencies. The particular oil used in the equipment men- 
tioned by Mr. Towler is very good in that it is light and of 
very low viscosity, but even with this oil one cannot use 
as high velocities as with water. The friction effects are 
pronounced, and this implies heating and the problem 
of heat dissipation; also oil is far less suited to heat dissi- 
pation than water. We agree that higher forging 
speeds are required for planishing to reduce the time 
the tool is in contact with steel, and it is highly desirable 
to reduce the time of reversal. The correct solution is 
to have both high forging speeds as well as the shortest 
possible reversal times, and in this connection the 
latest high-speed accumulator-driven forging presses 
equipped with modern servo control have been capable 
of 100-120 pressure reversals per minute. 

The 40-s time period referred to, during which it 
might be necessary to withdraw energy at a steady rate 
from a flywheel, was mentioned as an extreme case of 
a directly driven press, which has hitherto nearly always 
worked with penetration speeds of not more than 
2 in./s, and as Mr. Towler states, this implies an 80-in. 
stroke. Our whole point is that there is a limitation, 
for it is not possible to take the energy out of a flywheel 
over too long a period. Electrical experts will be able 
to tell us more about the economical period of time 
over which energy can be taken from a flywheel, but 
without involving the use of very expensive equipment 
there is a limit. 

The statement that ‘‘in some oil circuits the pipeline 
flow might be streamline and not turbulent ’”’ is empha- 
sized for when using even the comparatively thin oil 
as mentioned by Mr. Towler, e.g. 50cS kinematic visco- 
sity, and a pipe velocity of 30 ft/s, it is seen by substitu- 
tion in the formula on p. 211 that streamline flow does 
in fact exist for all pipe bore sizes of 0-43 in. and less. 

It was interesting to hear Mr. Towler say that the 
present limit for oil drive application to forging presses 
is somewhere around the 1500-ton press power; this 
corresponds to our conclusions in the present state of 
development of oil drive. It is always theoretically 
possible, of course, to put in a tremendous number of 
pump units, e.g. 20, 30, or even 40, but Mr. Towler 
will be the first to agree that, not only from the sheer 
geographical space requirement, but also from the aspect 
of initial cost, this is not a practical solution. Moreover, 
if it is going to require as many pump units as that, 
one may as well have a reservoir, i.e. an accumulator, 
and fill this up at a steady rate during the mean time 
period, and have the fluid volume available at any 
desirable rate for the peak demand period. 

As for having no pipes, where with small presses it is 
possible to put the pumps on top of the press, it is a 
great advantage. To cut down pipelines, quite apart 
from cutting down expense, is certainly better for 
efficiency of transmission. With presses in the range 
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above 1000 or 1500 tons, however, it is not possible 
to put all the pumping equipment on the top of a press. 
We showed this morning a press where all the oil pumps 
were on a platform on the top of the press, which in 
this instance was a very neat arrangement. 

However, there is nothing wrong with long pipelines 
as long as the velocities are kept low. It very important 
to keep the velocities down; high velocities result 
in high friction losses, which means inefficiency and 
using up the pressure in the pipe lines instead of in the 
press, and they can lead to water-hammer effects. From 
these considerations there is everything against using 
too high velocities. If high working pressures can be 
used, as Mr. Frith said this morning, and cut down the 
moving volume, then by all means this should be done, 
but the velocities should be kept down. 

The modern motor car, I agree, is a very complicated 
piece of mechanism, which we cannot just hit with a 
hammer if it will not go, but we must compromise 
somewhere between too much complication for equip- 
ment that has to work in forging and extrusion plant, 
and the cruder methods which were once used. One 
must not lose sight of the importance of simplicity and 
accessibility; these help maintenance and enable sources 
of trouble to be quickly remedied. 

As Mr. Benson and Mr. Towler state, there is a great 
need for indicator diagrams. A more thorough study 
of such diagrams than has hitherto been possible will be 
very valuable. However, it is necessary to be careful, 
for unless one has a complete range of indicator readings 
over the whole and varied field of forging, one may very 
easily get a wrong impression, and the non-specialist 
may draw wrong conclusions. What is applicable to a 
die-forging press, or to a free-forging press working on 
very light ingots, may not be applicable to another case 
in which deep bites are taken under totally different 
conditions. In other words it will be important not to 
draw conclusions from one set of indicator readings and 
make these applicable to all presses under all conditions. 

As regards Mr. Benson’s point concerning the possible 
overloading of presses, conditions inevitably appear to 
arise when a press is called upon occasionally to handle 
ingots for which it was not intended, or to work material 
under conditions which will imply the stalling of the 
press. However, apart from not doing the work 
efficiently, the overloading of a hydraulic press is in no 
way critical as no mechanical damage can result, a 
situation which does not apply to mechanical presses. 

Mr. Benson mentioned the danger of intensification 
when having constant hydraulic pressure on the return 
cylinders when on direct pump drive, and asks whether 
there have been any developments to avoid this danger. 
One means of minimizing the danger is to have fairly 
large-bore connections between pipe and cylinder as well 
as a generously proportioned pipeline. This may then 
also be inter-connected to a special shock absorber (not 
spring or weight-loaded); such expedients have been 
found to be effective. When the return cylinders are 
connected back to the accumulator while forging, any 
sudden release of energy is comfortably taken by the 
latter, acting in effect as a shock absorber, and intensi- 
fication is avoided as long as the liquid can get away 
quickly, i.e. a large bore of the cylinder connection and 
a generous pipeline are necessary. 

Referring to the friction loss in a 90-ft pipeline 
equivalent to 0-6 atm, it is correct that this particular 
loss would be about 3 atm in a 450-ft length. As for 
the possibility of starting and stopping such a water 
column a hundred times a minute, this is practicable if 
sufficient acceleration head is available at the accumu- 
lator station, and here, too, another expedient is available 
should this not be the case. This ties in with the previous 
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point that it will often be the most desirable solution 
to keep the velocities down as low as possible, though 
it may be desirable to have the working pressure as 
high as possible. 

In reply to Dr. Bramley, we have put strain gauges 
on press structures to verify design criteria which were 
being followed, and the results obtained were very 
satisfactory. As regards the quantitative information 
on position control with an order of accuracy of some- 
thing better than 1%, this is not yet available. There 
is always a time lag between actuating the control 
mechanism and stopping the movement, whether it be 
done hydraulically or electrically, and it may be that 
1%, is too fine when one considers that there is the 
compressibility of the fluid to be taken into account. 
One may have one press movement with a resistance 
of 150 atm, and the next one with a resistance equivalent 
to 300 atm in the main press cylinder, and thus the very 
compressibility of the fluid would render impossible the 
achievement of such a fine position stop. 

I was very interested to hear Mr. James’ remarks on 
packings; experience seems to vary and Mr. Pell’s 
figure for the life of his packing is extremely encouraging. 

Mr. Melville raised the question of hydraulic piping 
and mentioned that 18,000 lb/in®? on the maximum 
shear strain energy criterion as being the maximum 
that can be used safely in pipes of 23-tons/in? steel. 
No doubt this figure can be exceeded by using steels of 
slightly higher strengths. Apart from other factors, 
excessive velocities may here again be the cause of some 
troubles. The effect of sudden valve closure, sometimes 
thousands of times a day, can result in pressure surges 
in the longer pipe lengths if the velocities are high, 
and water hammer exists whether audible or not. 
Rarely, if ever, have circuits been designed in the past 
to allow for this, and apart from the ordinary hoop 
and radial stresses, such water hammer stresses are 
superimposed on the latter and may well have no 
small contributory effect on pipe failures. 

I hope that it will not be suggested that we have 
favoured either accumulator drive or direct drive, oil 
or water, for we have a completely open mind on this 
subject. The firm with which we are associated has 
more than 90 major press units working on oil drive in 
different fields of application, and there are of course 
hundreds of air—hydraulic accumulator installations. 
We have, therefore, no reason to be biased in favour of 
either one or other method of drive. In industry it is 
necessary to examine each application objectively if 
good engineering is to prevail. 


Mr. J. T. Lewis (Loewy Engineering Co. Ltd.): I have 
made copious notes on the many and interesting points 
that have been made during the discussion to-day, but as 
Mr. Elkan has dealt with most of these, there are only 
one or two small remaining points I would like to raise. 

Mr. Benson this morning mentioned that the presses 
shown had no dial to indicate the stroke, but I hasten 
to reassure him that we do, of course, fit indicator gear 
to all forging presses. In some cases these are of the dial 
type, and in others just the plain vertical scale type, 
depending upon the particular wishes of the press 
operators. 

On one of the slides shown this morning, no indicator 
was visible as the photograph was taken in the very 
early days of erection and testing, before this gear was 
fitted. However, I have not found it unusual to see 
the forge foreman coming along with a piece of chalk 
and making a mark on the vertical scale at which the 
driver is to stop, even though a dial type indicator had 
been fitted. 

In connection with Mr. Bennett’s comment regarding 
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the soluble oil content of the pressure water system, we 
agree that the content should be usually 1-14%, depend- 
ing upon the hardness of the water. If the oil content 
exceeds this amount troubles may arise, for the oil does 
not emulsify with the water and moves about the system 
in the form of free globules associating with dirt particles 
etc. Eventually, certain scum formations result which 
may stick to surfaces. Strictly speaking, the oil should 
not be added to the water, but rather, an emulsion 
should be made separately first by adding water toa 
measured quantity of oil, which results in complete 
emulsification and uniform distribution, and this is then 
added to the main water system. 

I was glad to hear Mr. James’ answer concerning 
multi-ring packings, and we agree with him that the 
first ring does not usually effect complete sealing. We 
have co-operated very closely with the manufacturer 
of packings over a period of many years and the products 
as marketed to-day are very good and reliable, as 
proved by Mr. Pell’s figures of the packing life already 
obtained with modern packings. 

Mr. Melville appears to have had very bad experiences 
with occasional cylinder breakages on some of his 
presses. With adequate care in detail design and a 
suitable choice of material, forging press cylinders 
should give trouble-free service for many years. 

Regarding the pipe troubles Mr. Melville has encoun- 
tered, care certainly is necessary, and we endeavour 
to take as many precautions at the bends as possible. 
Not only do such precautions extend to the limitation 
of the degree of curvature at such bends, but efforts are 
also made to ensure that minimum wall thicknesses laid 
down are adhered to, and as many expedients as possible 
are adopted to avoid local thinning and ovality. 

The authors regretted that the paper did not produce 
more comments on the suggested method of calculating 
water hammer effects in high pressure systems, or com- 
parative data and criticism on the valve loss factors put 
forward. 

It is hoped that research associations will in time 
produce more information for users of forging presses. 
It is realized that industry must present its questions 
and state its problems to them, but whereas there is 
rightly a considerable emphasis on fundamental research, 
which is the vital basis on which to build, there is not 
as yet sufficient emphasis on that form of research 
necessary to answer questions on direct application that 
industry asks, and that so often remain unanswered. 


CORRESPONDENCE 

Mr. Salter wrote: It has been suggested that forge- 
masters are perhaps a little conservative and any 
innovations of automatic or partial automatic methods 
of control for forging presses, might receive a doubtful 
welcome in some quarters. However, Mr. Benson had 
suggested that present day controls, even when made 
very sensitive, leave much to be desired and the accuracy 
of the product is entirely dependent upon the skill of 
the driver. Many people consider that modern ten- 
dencies towards automation have a very serious effect 
in removing pride of achievement and exercise of skill 
in industry. However, Dr. Bramley had made it clear 
that improvements in controls should not be of such a 
nature that skill and judgment are no longer necessary 
and the improvements should aim at removing the 
purely mechanical part of the operation, leaving the 
individual free to expend all his efforts in duties which 
cannot be done by purely mechanical means. Muscular 
effort is no longer needed since accurate and sensitive 
control can now be provided by suitable servo-operated 
valves. The improved form of hydraulic press control 
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mentioned by Dr. Bramley is under consideration and 
developments are stimulated by his remarks and by the 
comments of Mr. Benson. It is only necessary to take 
a feed-back from the press movement to a motion 
representing the desired press travel differentially 
linked with the control valve to give a remote positional 
control. 

A patented arrangement of control system developed 
by the writer’s firm would take the following form. 
The operator would move a pointer along a scale 
situated on his control desk. The scale would represent 
the press stroke. Readily adjustable stops would be 
pre-set on the scale, the upper stop denoting a limit of 
upward movement, the lower stop denoting the size to 
which the forging is to be reduced. The operator 
would move the pointer according to the way he wishes 
the press head to move. This remote positional control 
gear accurately controls the press head so that it makes 
the required movement. The mechanism would be 
arranged so that the operator cannot move the handle 
quicker than the press head can follow the command. 
From the users’ point of view the equipment would appear 
very simple. It only remains for the engineer to 
develop the unseen parts to the requisite efficiency and 
reliability. It is not expected that accurate sizing 
may be achieved without making allowance for 
elasticity of the press parts where deflection varies with 
the load. 

It would be amusing to hear the comments of a press 
driver of the old school when confronted with such 
equipment. However, similar situations have occurred 
before and such skilled operators are known to occupy 
comfortable seats and are controlling with precision 
and rapidity large forging presses with the exercise 
of great skill and experience but entirely without 
fatigue or regrets for the passing of out-dated methods. 
Developments of this kind can be introduced by degrees 
without immediately throwing away existing methods 
of control. 

Remote positional control applied to the turning gear 
would, no doubt, be useful although very excellent 
regularity and roundness can already be demonstrated 
on the quick-acting presses mentioned in the authors’ 
paper. The quick forging and planishing rate is such 
that the turning gear is rotating steadily at low speed 
while the press makes rapid planishing strokes giving a 
circular forging with the appearance of a polished, rolled 
surface. 

Forgemasters like to employ the methods they 
have found satisfactory in the past, knowing that 
anything novel but lacking essential robustness will be 
continually troublesome. Nevertheless, improvements 
seem to be long overdue in the method of positioning and 
fixing tools. 

Mr. Bennett referred to the use of the dovetail employ- 
ing bearing surfaces at different levels which is indeed 
unsatisfactory, and although common in this country 
it is not often seen on continental designs. However, 
a method has been put forward of gripping anvils where 
the jaws of the dovetail are closed sideways by 
hydraulically operated wedges, thus locking the anvil 
firmly against a single broad bearing surface. Tools 
could thus be changed rapidly during a heat by making 
the best use of fast moving sliding tables. 

Mr. Frith and others made reference to sudden 
release of energy in a forging press. This could occur 
accidentally when cutting forgings with the ‘ knife.’ 
The practice of pressing a comparatively shallow knife 
through a deep forging by a second distance piece held 
on the end of a long bar is dangerous if not done with 
great care. However, very little power is developed in 
these operations. The main danger occurred in the past 
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with steam-hydraulic presses in which the power was 
controlled by admitting and cutting off steam to a large 
cylinder operating the intensifier. Although the 
hydraulic circuit is short, steam admitted at pressure 
to the cylinder had considerable expansive energy. 
After sufficient pressure has been applied to start the 
cutting stroke, it was not possible immediately to stop 
the movement of the press head by cutting off the steam, 
although with care an operator could prevent sudden 
release of energy. 

The leaping of a press from its foundations is a very 
rare occurrence. Yet it is necessary to cater for 
accidental release of the strain energy in the columns, 
the crossheads, the compressed water in the cylinders, 
and in the cylinder walls. As the accelerating forces 
acting on the heavy parts have a value of many times 
their weight, it is no use attempting to bolt the press 
rigidly to the foundations to prevent the tendency of 
the two masses being accelerated towards their common 
centre by the elastic energy of the press parts. Such 
bolts would require to deal with forces equal to the 
power of the press at the moment of energy release. 
Foundation bolts of reasonable diameter can be used 
provided they are resilient through generous length. 
In special cases, where very long foundation bolts 
cannot be accommodated, it is possible to employ very 
stiff springs with the foundation bolts. The upper 
crosshead is not rigidly positioned against downward 
movement with respect to the main columns, but it is 
supported on very stiff springs and tie bars which also 
exhibit some resilience. It is usual to allow for the 
press power being suddenly released at one third of its 
maximum value. 

Opinions seem to be equally divided among designers 
of modern presses, on the relative merits of employing 
either back nuts or well-secured columns without back 
nuts. For machines not subjected to much eccentric 
loading, the back nut is a very convenient means of 
locating the opposed crossheads in proper alignment 
without demanding too much accuracy of machining. 
A considerable rigidity is given by the friction effect 
of proper pre-stressing and by the width of the base 
exhibited by nuts of normal proportions. 

Until recent years, no satisfactory method of locating 
the column laterally within the crosshead was_ in 
common use. There is a method of securing a column 
much smaller in diameter than the socket in which it is 
fitting by a means of segmental wedges. This method 
was originally applied to columns employing back 
nuts but has since been applied to forging presses 
working without back nuts. It is appreciated that 
axial movement is taking place between the column and 
the crosshead all the time the load is changing. Such 
wedges must be of long-wearing material and must be 
properly lubricated and capable of adjustment to take 
up wear if the rooting of the column is to remain rigid 
and free from play. 

A forging press is essentially a device for squeezing 
hot metal to the desired shape. It is not a structure 
that must exhibit rigidity as an essential characteristic. 
It is indeed sometimes useful if the press can show an 
excessive amount of sway when it is being misused by 
applying unnecessary eccentric loading. As Mr. Frith 
remarked, sway is not a nuisance in itself although it 
could be bad for the pipe joints. A press which may 
appear rigid is not necessarily stronger than a press 
which appears to be flexible. It is important that the 
more slender parts such as the columns should have a 
substantially uniform cross-section without abrupt 
changes in stress, and this condition is not met by the 
use of shouldered columns. The columns must flex, 
taking up the positions determined by deflections of the 
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crossheads. These deflections are causing bending 
moments at the root of each column. At these points 
where the stress is high, it is desirable that there is 
uniform diameter. 

Mr. Pell had mentioned certain troubles with the two 
recently-installed presses. While the performance in 
general had been excellent, some trouble occurred with 
the errosion of valves. This was due to the high speed 
of operation and to generously proportioned valves being 
used at low openings. 

Mr. Pell described experiments to avoid erosion due 
to impingement of high-velocity water on the valve 
surfaces. One solution is given by the mitre valve 
having an extension piece causing the high velocity to 
take place on leaving the valve, such velocity being 
dissipated in the water chamber itself. 

Mr. Bennett suggested that back nuts might be 
employed having conical surfaces engaging with conical 
seatings in the crossheads which would give greatly 
improved rigidity of rooting of the columns within the 
crosshead. This construction is attractive but presents 
difficulties in machining since the axes of the column 
bores must match exactly with the opposite crosshead. 
Similar ideas have been employed in the past with 
shouldered columns, where the machining difficulties 
were even greater since not only must the holes in the 
crosshead be exactly matched but the length over the 
coned portions of the columns must also be exactly 
matched with the distance between the conical seatings 
in the crossheads. 


Mr. Melville wrote: I have not been able to under- 
stand the function of the electrical gear in the author’s 
control diagram. Is it purely as an interlock ? What- 
ever its purpose, I should prefer a mechanical or an all- 
hydraulic system, as our experience suggests that the 
fewer mediums used in control system the better. 

The radial-type joint used in the valve shown in 
Fig. 5 has been undeservedly popular for many years. 
It is compact, cheap and trouble-free until fretting cor- 
rosion behind the fibre ring cuts into the steel housing. 
When this occurs, tightness can no longer be main- 
tained. I think there is room for improvement in this 
detail and even at a higher cost and bulk I should prefer 
valves where joints were made by axially compressed 
rings. I have not had personal experience of them but 
the joints made by Dowty, which use rubber supported 
by metal against extrusion, might be suitable for 
hydraulic work and would certainly need much lower 
bolt loads than the orthodox metal ring. 


Valve leakage in pumps and controls is a constant 
problem in hydraulic work, and wastes both time and 
power. I should like to ask the authors why the various 
excellent methods of hard facing now so popular for 
steam valves are not more used in hydraulic plant. 

AUTHORS’ WRITTEN REPLY 

Mr. Lewis wrote in reply to Mr. Melville: The func- 
tion of the electrical gear as shown in Fig. 4 of the 
paper is purely an interlock to ensure that the sliding 
tables cannot be used while the ejector pin may be 
in its ‘up’ position, a situation which would result 
in mechanical damage. Also it ensures that the moving 
table has been properly centred before the ejector can 
be used and it is not possible to use the ejector and the 
tables at the same time. There has been no inconveni- 
ence in using this particular electrical gear. 

Of the radial-type joint shown in Fig. 5, it is true that 
fretting corrosion can occur behind the fibre ring, but 
by this time leakage and heat generation will have 
become evident, and it is a situation which should not 
generally be allowed to occur. We have had excellent 
results with this type of joint which swells when im- 
mersed in water, and therefore is not dependent on that 
absolute rigidity in machining accuracy which the use of 
other joints sometimes implies. We are using the 
Dowty type of joint referred to, for special applications 
on smaller pipes, with very satisfactory results. 

We have not had to resort to hard facing to any large 
extent which may be partly because we do not have to 
contend with any temperature effects, and the materials 
as used are proving very satisfactory. 

The authors hope that they have succeeded in under- 
lining the considerable development that has taken 
place in recent times, whereby it is now possible by 
careful valve and circuit design, to have presses moving 
at high speeds, and yet exert a substantial part of their 
rated tonnage; a very recent example of which, incident- 
ally, is a horizontal hydraulic press unit, which 
operates at a main ram pressing speed in excess of 
40 in./s. A considerable effort is being made for a 
number of varying reasons to show that low pressing 
speeds in free forging are sufficient, or even desirable, 
but this is generally done by operators who have 
installed ‘slow’ plants. The proof that higher speeds 
of working are desirable and have come to stay is given 
by those operators who have recently installed modern 
fast-moving presses, provided that care is taken to 
match the handling facilities, and that adequate furnace 
capacity is installed. 
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Iron and Steel Engineers Group 


The Thirty-first Meeting of the Iron and Steel Engineers 
Group will be held in South Wales on Thursday and 
Friday, 4th and 5th October, 1956. The programme was 
given in the September issue of the Journal, p. 78. 


Autumn General Meeting 


The Autumn General Meeting of The Iron and Steel 
Institute will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Wednesday and Thursday, 2lst and 22nd 
November, 1956. 


New Special Reports 


The Russian Iron and Steel Industry 


In response to an invitation by the Minister of Iron 
and Steel of the U.S.S.R. issued to the United Nations 
Economic Commission for Europe at Geneva, a British 
Steel Mission visited Russia in September, 1955, jointly 
with delegations from Belgium, France, and Sweden. 
The British delegation, which was led by Sir Robert 
Shone, C.B.E., Executive Member of the Iron and Steel 
Board, visited the Gigant iron ore mine and the Ugok 
ore concentrating and sintering plant at Krivoi Rog, the 
steelworks and wide strip rolling mills at Zaporojstal, 
the Nikopol tube rolling mills, and the Rustavi steelworks 
near Tbilisi. They then returned to Moscow where they 
visited the Central Scientific Research Institute of 
Ferrous Metallurgy and the Moscow Coke and By-product 
Plant, and finally attended a meeting at the Ministry of 
Iron and Steel to discuss the experience they had gained 
from the visit. 

An account of the visit, prepared by five members of 
the delegation, is published as No. 57 of the Special 
Report series of The Iron and Steel Institute. This 
report describes the plants visited, and discusses the 
organization of steel production in the U.S.S.R. and 
general conditions in the iron and steel industry. Copies 
of the Report may be obtained from the Offices of the 
Institute, price 4s. 3d., including postage. 


Atlas of Isothermal Transformation Diagrams of B.S. 
En Steels 


Since the first edition of the Atlas of Isothermal Trans- 
formation Diagrams was published in 1949, there has 
been an increasing demand for information on the 
isothermal characteristics of further steels of the En 
series, particularly carburizing steels. Accordingly the 
Isothermal Transformations and Hardenability Group, 
under the auspices of the Thermal Treatment Committee 
of the British Iron and Steel Research Association, 
undertook the preparation of additional transformation 
diagrams and at the same time took the opportunity of 
modifying several of those previously published, in the 
light of clearer understanding of the significance of the 
experimental data on which they were based. The 
revised Report comprises isothermal transformation 


JOURNAL OF THE IRON AND STEEL INSTITUTE 208 


diagrams of 37 steels in the B.S. En series. Each diagram 
is accompanied by a data sheet which records the 
composition of the steel, its previous treatment, and the 
hardness of the transformation products obtained at 
various temperatures; typical end-quench hardenability 
curves are also given. 

The Report, No. 56 in the Special Report series of the 
Institute, is bound in cloth with stiff board covers. 
Copies may be obtained from the Offices of the Institute, 
price 37s. 6d. (Members 25s.). 


Symposium on Powder Metallurgy 1954 


The powder metallurgy industry in the U.K. has grown 
at an increasing rate since the previous Symposium was 
held by The Iron and Steel Institute in 1947. The ex- 
pansion in the manufacture of metal powders and the 
increasing diversity of engineering components produced 
from them have been coupled with considerable develop- 
ments in equipment and techniques. The increase in 
pure and applied research work has led to a better 
understanding of the basic principles underlying the 
preparation, compaction, and sintering of metal powders. 

In view of this a Committee representing The Iron 
and Steel Institute and the Institute of Metals was set 
up in 1953, which invited papers from the U.K. and 
abroad to cover a wide field of developments related to 
sintered products. It was considered advisable to include 
a limited number of review papers but, in general, 
authors were asked to place particular emphasis on 
research and development work which had taken place 
since the 1947 Symposium. 

The Symposium on Powder Metallurgy was held in 
London on Ist and 2nd December, 1954, and the papers 
and discussion have now been published as No. 58 in 
the Institute’s Special Report series. This work covers 
390 pages and is divided into four sections: (i) the 
manufacture, properties, and testing of powders; (ii) the 
principles and control of compacting and _ sintering; 
(iii) the manufacture and properties of structural 
engineering components; and (iv) the powder metallurgy 
of high-melting-point materials. Name and _ subject 
indexes are included. The Report is bound in cloth with 
stiff board covers and is fully illustrated. Copies may 
be obtained from the Offices of the Institute, price 
£3 5s. Od. (Members £3 5s. Od.). 


NEWS OF MEMBERS 


Mr. N. H. Bacon has been appointed Superintendent, 
Ickles Departments, at Steel, Peech and Tozer. 

Mr. E. T. Gill has taken up an appointment as Develop- 
ment Officer for Constructional Alloy Steels with the 
Development and Research Department of the Mond 
Nickel Co., Ltd. 

Mr. J. E. Harris has left the Department of Industrial 
Metallurgy, University of Birmingham, and has taken 
up an appointment with the Research Laboratories, 
British Thomson-Houston Ltd., Rugby. 
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Dr. J. E. Hilliard has left the Massachusetts Institute 
of Technology and has taken up an appointment with 
the General Electric Research Laboratory, Schenectady, 
New York. 

Dr. J. P. Hugo has been appointed Chairman of the 
committee charged with the formation of a Base Metals 
Division within the South African Institute of Mining 
and Metallurgy. 

Mr. L. W. Johnson has been appointed Assistant 
Manager of the Development and Research Department 
of the Mond Nickel Co., Ltd. 

Mr. B. Needleman has been appointed to the foundation 
committee of the Base Metals Division of the South 
African Institute of Mining and Metallurgy. 

Mr. J. H. Patchett has been appointed a Director of 
Dorman, Long and Co., Ltd. 

Mr. F. W. E. Spies has been awarded the Fox Medal 
of the Institute of British Foundrymen. 

Dr. B. G. Street has been elected an Associate of the 
Institution of Metallurgists and has also taken up an 
appointment as Senior Metallurgist to Mullard Magnetic 
Components, Southport. 

Mr. G. N. F. Wingate has been appointed Director and 
General Manager of Distington Engineering Co., Ltd. 


Obituary 


Mr. Noel Douglas Ridsdale (elected 1911), of Middles- 
brough, on 17th July, 1956. 

Mr. C. E. K. Menzies, whose death on 6th June, 1956, 
was recorded in the September issue of the Journal, had 
been a member of the Institute since 1934. Mr. Menzies 
joined Stewarts and Lloyds Ltd. in 1912 and served in 
the Black Watch in the First World War; in 1923 he 
started the firm of Nye and Menzies. He was also London 
representative for Fleming and Ferguson Ltd., Ship- 
builders and Engineers, Paisley, for many years, becom- 
ing a Director in 1948. Mr. Menzies was 65. 


CONTRIBUTORS TO THE JOURNAL 


E. D. Hyam, M.A., Ph.D., A.I.M.—Senior Scientific 
Officer, United Kingdom Atomic Energy Authority 
(Industrial Group), Research and Development Branch. 

Dr. Hyam was born in 1925 and was educated at 
Whitgift Middle School, Croydon, at King Edward VI 
School, Bath, and at Downing College, Cambridge. He 
served with the Royal Armoured Corps from 1943 to 
1947 and was at Cambridge from 1947 to 1953, being 
awarded the degrees of M.A. and, subsequently, Ph.D. 
Dr. Hyam took up his present appointment in 1954. 


E. Ineson, B.Sc., F.I.M.—Head of the Metallurgy 
(General) Divisional Laboratories, British Iron and Steel 
Research Association, Sheffield. 








J. F. Wallace 


E. Ineson 
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Mr. Ineson was born at Huddersfield in 1917. He was 
educated at Hemsworth Grammar School, near Ponte- 
fract, and at Leeds University, where he studied Fuel 
and Metallurgy. After graduating in 1939 he undertook 
research at the University for which he was awarded 
honours in 1940. In the same year he joined David 
Brown and Sons (Huddersfield) Ltd. as assistant metal- 
lurgist concerned with the control of works’ processes 
and materials. Subsequently he became responsible for 
development work and, amongst other things, played a 
leading part in the development of gas carburizing in 
the U.K. He was also at that time closely concerned 
with the work of the Admiralty-Vickers Gearing Research 
Association. 

Late in 1947 Mr. Ineson joined the Metallurgy (General) 
Division of B.I.8.R.A. Here he undertook the establish- 
ment of the Metallurgy Laboratories both in London and 
in Sheffield. 

J. F. Wallace, Ph.D.—Lecturer in Mechanical Engi- 
neering, University of Sheffield. 

Dr. Wallace graduated with Honours in Mechanical 
Engineering at Sheffield University in 1948 and under- 
took post-graduate research from 1948 to 1951. After a 
short period with Imperial Chemical Industries Ltd. he 
took over control of the family sheet metal working 
business and rejoined the University in 1954 as Research 
Assistant to Professor H. W. Swift. Since then he has 
worked in co-operation with B.I.S.R.A. on the develop- 
ment of the cup drawing test and other problems in the 
mechanical working of metals, obtaining his Ph.D. in 
1955 for research on impact extrusion and the dynamics 
of drop hammer foundations. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 
Staff 


Mr. C. N. Kington, M.B.E., has resigned his post as 
Group Manager of the British Iron and Steel Research 
Association’s Sheffield Laboratories, Director of Research 
of the Cutlery Research Council, and Research Super- 
intendent of the File Research Council, to become Chief 
Mechanical and Electrical Engineer of Husband and 
Company, Consulting Engineers and Architects. 

Dr. J. Pearson, Assistant Director of the British Iron 
and Steel Research Association, took over charge of the 
Sheffield Laboratories on Ist September. He retains the 
Headship of the Steelmaking Division but has relin- 
quished control of the Chemistry Department to Mr. 
E. W. Voice, Head of the Ironmaking Division. Mr. R. 
Mayorcas has been appointed Deputy Head of the Steel- 
making Division. 

Mr. J. G. Wistreich, who has been Head of the Metal 
Working Laboratory at Hoyle Street, has become Head 
of the Mechanical Working Division as Mr. W. C. F. 
Hessenberg, Deputy Director of B.I.S.R.A., has relin- 
quished control of the Division so as to devote the whole 
of his time to his other duties. Mr. 8S. 8. Carlisle, Head 
of the B.I.S.R.A. South Wales Laboratories, becomes 
Deputy Head of the Division. 


Cutlery Research Council 

Mr. E. A. Oldfield has been appointed Senior Research 
Officer of the Cutlery Research Council in succession to 
Mr. C. N. Kington. 


File Research Council 

Dr. J. Pearson has been appointed consultant to the 
File Research Council. Mr. R. H. Hancock will continue 
as Senior Investigator. 
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AFFILIATED LOCAL SOCIETIES 


Lincolnshire Iron and Steel Institute 


The following Officers and Council have been elected 

for the session 1956-57: 

President: Cedric Thomas 

Vice-Presidents: D. Bruce-Gardner, G. D. Elliot, 0.B.£., 
J. L. Gaskell, T. L. Jones, I. M. Kemp, A. H. Norris, 
Dr. L. Reeve, J. D. Townsend, N. H. Turner, and 
W. T. Wilson 

Hon. Secretary: Commander Ian Steel, M.v.o. 

Hon. Treasurer: G. P. Elson 

Council: A. Bridge, H. C. Challinor, W. Campbell- 
Adamson, J. Dodd, W. Geary, T. P. Lloyd, J. 
McLauchlan, G. Moore, W. Jackson, J. A. Peacock, 
C. Reid, and T. E. Shaw. 


EDUCATION 
City and Guilds Appeal 


The City and Guilds of London Institute is launching 
an appeal for a stable income from industry of £50,000 
a year and, in support of this appeal, has received the 
following message from its President, H.R.H. The Duke 
of Edinburgh: ‘** The education and training of techni- 
cians, craftsmen, and operatives, who are as important 
as scientists and technologists, is the task which the 
Institute is trying to perform for Industry. . . . The 
Institute is unique in conception and in the position it 
occupies in the system of technical education in this 
country. It is increasingly being called upon by Industry 
to help train the skilled men who are so badly needed to 
ensure that our industries continue to compete success- 
fully in the markets of the world. The founders are still 
giving their most generous and unstinting support to 
this work. But that is not enough any more. The 
Institute now needs the support of Industry if it is to 
meet the demands made upon it and if it is to-expand 
its services to Industry.” 


Designation of Colleges of Advanced Technology 


In connection with the Government’s five-year plan 
for technical education, the Minister of Education has 
laid down the conditions for the designation of colleges 
of advanced technology. The Minister considers it 
important that a small number of technical colleges 
should develop rapidly into colleges of advanced tech- 
nology, concentrating entirely on advanced studies and 
providing a broad range of work of the highest quality. 


Postgraduate School in Physical Metallurgy—Sheffield 


In view of the need of the metallurgical industries 
for more men with advanced scientific training, the 
University of Sheffield has established a Postgraduate 
School in Physical Metallurgy to provide special tuition 
in this branch of science. 

Applications for admission to full-time courses (nor- 
mally of one or two years’ duration) are invited from: 

(i) Scientists already in industry, holding a degree or 
equivalent qualification, who have had at least three 
years’ experience and wish to pursue more advanced 
studies in physical metallurgy 

(ii) Recent graduates in Physics, Chemistry, or 
Engineering, who wish to pursue a metallurgical career. 

In certain circumstances applications will also be 
accepted from recent graduates in metallurgy with little 
or no industrial experience. 

Students taking courses of one or two sessions duration 
may read for the degree of Master of Metallurgy or for 
the Diploma in Physical Metallurgy. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


Preference will be given to men sponsored by thei: 
employers, but a number of senior awards are available 
for independent candidates each year. The fee for a 
full-time postgraduate course of study is £50 per annum. 

Enquiries may be addressed to the Professor of Metal- 
lurgy, The University, St. George’s Square, Sheffield 1. 
Forms of application for admission to the postgraduate 
school can be obtained from the Registrar, The Uni- 
versity, Sheffield 10. 


NEWS OF SCIENCE AND INDUSTRY 


Steel Foundry Research 


The third annual report of the British Steel Castings 
Research Association reports that membership of th: 
Association now represents almost 80% of the tonnage 
of steel castings produced in the U.K., and includes two 
steel founders in the Commonwealth. Over 50 publica- 
tions made available to members during the year are 
listed in the Report and summaries are given of the 25 
research and development projects on which the Associa- 
tion has been engaged. 


General Refractories Ltd. Tunnel Kiln 


A new tunnel kiln was recently put into operation at 
the Worksop Plant of General Refractories Ltd. for the 
burning of basic refractories. It can fire at temperatures 
up to 1650° C and has a total overall length of 346 ft. 
It will hold 56 cars, each with an approximate capacity 
of 5 tons, giving a weekly output of 600 tons of fired 
bricks. 


S.C.I. 75th Annual Meeting 


On the occasion of the 75th Annual Meeting of the 
Society of Chemical- Industry, The Iron and Steel 
Institute joined many other learned societies from al] 
over the world on 10th July in presenting a congratu- 
latory address. 


Are Furnace for Scottish Steel Industry 


William Beardmore and Co., Ltd., Glasgow, have 
received approval from the Iron and Steel Board for a 
major reconstruction of their steel melting shop. The 
scheme, which will take about five years to complete, 
involves the replacement of the O.H. furnaces by electric- 
are furnaces at an estimated cost of £1,600,000. The 
first stage will be to install an ‘Efco’ 80-ton electric 
furnace, which is being supplied by the Electric Furnace 
Co., Ltd., of Weybridge, Surrey. 


National Industrial Safety Week 


The National Industrial Safety Week will be held from 
5th to 10th November. Its object is to encourage all 
workers to be “ safety conscious,” that is, to cultivate 
safe habits in working so that neither they nor their 
workmates are subjected to unnecessary hazards. 
Workers will be invited by means of special posters and 
other propaganda to ‘‘ Look out for booby traps ’’—the 
collective name adopted for hazards that range from 
defective tools to careless behaviour. In addition, 50 or 
so local industrial accident prevention groups in the 
U.K. will be organizing special functions in connection 
with the Industrial Safety Campaign, in some cases with 
the co-operation of the local Civic Head and Chamber 
of Commerce. 


New Thickness Gauge 


Nucleonic thickness gauging by means of beta and 
gamma emitting isotopes is now established practice in 
many industries. There has, however, always existed 
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a gap between the upper thickness range of beta gauges 
and the lower thickness range of gamma gauges. In terms 
of steel this has been about 0-02 to 0:25 in. The gap in 
the past has been bridged by means of rather expensive 
X-ray gauges, but the new ‘ Bremsstrahlung ’ thickness 
gauge, introduced by the Baldwin Instrument Co., Ltd., 
of Dartford, performs the same function as the X-ray 
gauge but at a lower cost. 


Powder Metallurgy 

A series of 11 lectures on Powder Metallurgy will be 
held at Battersea Polytechnic on consecutive Tuesday 
evenings, beginning on 2nd October at 7 p.m. Intending 
students are requested to send the fee of £1 with their 
name and address in block capitals to the Secretary, 
(Powder Metallurgy Course), Battersea Polytechnic, 
London, 8.W.11. 


International Mineral Dressing Congress—Stockholm 


An International Mineral Dressing Congress is to take 
place at the Royal Institute of Technology, Stockholm, 


from 18th to 21st September, 1957, at the invitation of 


Svenska Gruvf6éreningen in association with Jernkontoret. 
About 25 papers will be presented and excursions are 
being arranged to some of the larger Swedish mines and, 
it is hoped, Norwegian and Finnish mines as well. 


Morgan Crucible Company Centenary 


In connection with the centenary of the founding of 
the Morgan Crucible Company Ltd., of London, N.W.11, 
the Company has published a_ well-illustrated book 
entitled ** Battersea Works 1856-1956.’ This traces the 
foundation and subsequent growth of the organization 
and emphasizes the strong tradition of family service 
which has been its characteristic. 


American Research on Metallic Corrosion 


One of the activities of the Engineering Foundation, 
New York, has been to set up a Corrosion Research 
Council. This has the support of the American Institute 
of Mining, Metallurgical, and Petroleum Engineers, the 
Inter-society Corrosion Committee, and the Electro- 
chemical Society. 


Are Furnaces for Carbon Steel Ingots 


As part of a major expansion scheme, Round Oak 
Steel Works Ltd., a member of the T.I. Group of Com- 
panies, has decided to adopt electric melting furnaces to 
provide the increased output of steel. The first stage will 
include the installation of two large Birlec Lectromelt 
are furnaces. This is the first time electric furnaces have 
been used in the U.K. for the production of tonnage steel 
for structural and other purposes. 


Indicating Temperature Controller 


A self-contained, direct-deflection instrument for 
indicating and controlling temperature to close accuracy 
over a wide range has recently been introduced by Ether 
Limited, of Birmingham. It is the ‘ Transitrol’ Type 
990, and since it uses a transistor the need for thermionic 
valves, magnetic amplifiers, and oscillator circuits has 
been eliminated. The control arm, which is adjustable 
externally to the required temperature set-point, is fitted 
with a photo-sensitive transistor, optical lens, and low- 
level light source. A flag is connected to the pointer arm 
of the galvanometer, which passes freely between light 
source and transistor. When the desired control point 
is reached the light source is cut off from the transistor, 
thus de-energizing the control relay and shutting off the 
heating medium. Only a minute pointer movement is 
required to ‘make’ and ‘ break’ the control relay. 
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New Type of Dust Collector 

The Constructional Engineering Co., Ltd., of Birming- 
ham, has introduced the * Solivore-Titan ’ cleaner, which 
is based on a new principle of dust collection. Con- 
ventional wet dust collectors are based on the use of 
baffles combined with water sprays or curtains to restrict 
the flow of gases and collect the heavier particles of dust 
from the gases before they are exhausted. These are not 
in general highly efficient, since it is difficult to wet 
particles in the sub-micron range. In the * Solivore- 
Titan’ cleaner the foul gas enters a primary chamber 
which is heavily saturated by a special water pulverizer; 
the particles are collected by agglomeration or precipita- 
tion and are flushed from the chamber. The gases then 
expand through a special venturi pipe into a secondary 
chamber. The expansion lowers the temperature so that 
condensation can take place, the dust particles acting 
as nuclei. Particles as small as 0-1 u can become wetted 
and easily collected. 


Rolled Plate for Atomic Power Stations 

The English Steel Forge and Engineering Corporation 
Ltd., Sheffield, are supplying 4500 tons of rolled plate 
for the Calder Hall and Annan atomic power stations. 
The plate will form part of the thermal shields which 
protect the concrete radiation barrier against the heat 
effect of the nuclear reactors. 


Symposium on Nuclear Power Plant 

The British Nuclear Energy Conference is arranging a 
symposium on ‘‘ Calder Works Nuclear Power Plant,” 
to be held at the Institution of Civil Engineers, Great 
George Street, London, 8.W.1, on 22nd and 23rd Novem- 
ber, 1956. 


New Industrial Microscope 

A new industrial microscope, the ‘ Technoscope,’ 
manufactured by the Carl Zeiss Works of Western 
Germany, is finding applications in British industry. 
The ‘Technoscope’ is a stereoscopic microscope, to 
which a camera may be fitted, mounted on a portable 
roilable stand. It has numbers of applications in surface 
testing. 


Fuel Saving in Industry 

The recent booklet ** Heat and Power Surveys: The 
Way to-Lower Costs and Higher Productivity,’ published 
by the National Industrial Fuel Efficiency Service. 
reports that from over 300 surveys the maximum fuel 
savings possible in any iron and steelworks is 66-9°,, 


although the average from industry is only 27-5. 


Developments at Corby 

The Iron and Steel Board has authorized Stewarts and 
Lloyds Ltd.’s plan for developments at Corby, which is 
costing £6} million. It will take about 10 years to 
complete, the first stage being the construction of 50 new 
coke ovens, complete with ancillary coal-preparation and 
by-products plants. Work will then begin on recon- 
structing about two-thirds of the existing 143 ovens, 
most of which have been operating since the works 
opened 23 years ago. 


Fuel Efficiency Exhibition—London 

Ways in which industry can save up to one-fifth of 
fuel costs, together with the latest information on nuclear 
power stations, will be demonstrated at the Fuel Effi- 
ciency Exhibition, to be held at Olympia, London, from 
2nd to 10th October, 1956. 
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Expansion of Stanton Ironworks 

The Iron and Steel Board has authorized the expendi- 
ture of about £34 million on the development of the 
Stanton Works of the Stanton Ironworks Co., Ltd. An 
integrated ore-preparation plant will be constructed and 
an extensive belt conveying system will be installed for 
transferring prepared ore to the two blast-furnace plants. 


Rolling-mill Development Plan 

The first stage of a rolling-mill development plan at 
the Stocksbridge Works of Samuel Fox and Company 
Ltd. was completed in July. The plan involves the 
installation of three new mills for producing high-carbon 
precision cold-rolled strip. In addition, two existing 
rolling mills are being transferred to Stocksbridge from 
the company’s Rotherfield works in Sheffield so as to 
consolidate stainless steel strip production in one plant. 


Changes of Name and Address 

The formation of Erco-Epwarps Vacuum METAL- 
LURGY LrpD. is announced by Edwards High Vacuum 
Ltd., of Crawley, Sussex, and the Electric Furnace Co., 
Ltd., of Weybridge, Surrey. 

THE INSTITUTE OF METALS, including ‘‘ The Journal 
of the Institute of Metals,’ ‘‘ Metallurgical Abstracts,” 
and “‘ Metallurgical Reviews,’’ have removed to 17 Bel- 
grave Square, London, S.W.1 (telephone BELgravia 
3291). The Advertisement Department and the Joint 
Library and Information Department remain unchanged 
at 4 Grosvenor Gardens, London, S8.W.1 (telephone 
SLOane 0061). 

The INSTITUTION OF METALLURGISTS have removed 
from 28 Victoria Street, London, S.W.1, and are now 
at 4 Grosvenor Gardens, London, S.W.1 (telephone: 
SLOane 8231) in the premises formerly occupied by the 
Institute of Metals. 

Camp Bird Industries have taken over the whole equity 
and assets of Hanworth Engineering (Aircraft) Ltd., of 
Hanworth, Surrey. The Company is to be renamed CoLp 
ForcinG LimIrep. 

The new Secretary responsible for the periodical 
“* Metalen”’ is J. A. Jochems, Rotterdamse weg 139, 
Delft, Netherlands. 

The METALLURGICAL EQUIPMENT Export COMPANY 
Lrp. and INDIAN STEELWORKS CONSTRUCTION COMPANY 
Ltp. have removed to Abford House, 15 Wilton Road, 
London, 8.W.1 (telephone: TATe Gallery 8191). 


Industrial Publications 

Illustrated brochure on the activities of the Incan- 
descent Group—The Incandescent Heat Co., Ltd. 

Leaflet on specifications for grinding wheels—Norton 
Grinding Wheel Co., Ltd. 

Technical leaflet on wire belt slings—The British 
Wedge Wire Co., Ltd. 

Leaflet on granular compositions for repairing furnace 
linings—General Refractories Ltd. 

Illustrated brochure on heat insulation—Moler Prod- 
ucts Ltd. 

Technical brochure on lifting and grabbing cranes— 
Blaw Knox Ltd. 

Technical broadsheet on properties of heat-resisting 
steels for castings—Firth-Vickers Stainless Steels Ltd. 

Illustrated brochure on application of photography to 
industry—Kodak Ltd. 

Leaflet on recommendations for cylindrical grinding— 
Norton Grinding Wheel Co., Ltd. 

Technical leaflets on ‘ Columax’ and ‘ Aleomax SC’ 
permanent magnets—Swift Levick and Sons Ltd. 

Technical leaflet on r.f. plastic preheater—Radio 
Heaters Ltd. 

Leaflet on briquetted alloys for enriching scrap— 
British Electro Metallurgical Company. 
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Illustrated technical brochure on cutting fluids, oils, 
and coolants—Fletcher Miller Ltd. 

Technical brochures on medium-size high-vacuum 
melting and pouring induction furnaces and a vacuum 
furnace of 3-lb capacity—Edwards High Vacuum Ltd. 

Illustrated brochure on economics of advanced soaking- 
pit practice as applied to surface one-way fired soaking 
pits—Stein and Atkinson Ltd. 


CORRIGENDA 


In the paper by G. Bullock on “ Thermal Changes in 
Steels as shown by Resistivity ” (J. Iron Steel Insi., 
1956, vol. 183, August, pp. 362-367), the blocks and 
captions for Figs. 3 and 4 were confused with those for 
Figs. 5 and 6, respectively. Thus the diagram on p. 314 
is Fig. 5, that on p. 365 Fig. 6, and those at the top of 
p. 366 Figs. 3 and 4. 

In the paper by E. W. Voice and R. Wild on “A 
Laboratory Study of the Sintering Process”? (J. Iron 
Steel Inst., 1956, vol. 183, August, pp. 404-410), the 
following corrections should be made. On p. 408, right- 
hand column, ‘‘ 27—55,000 ft® ’’ and ‘* 75,000 ft® ”’ instead 
of “ft/min”. On p. 409, both references to Fig. 4 
should be to Fig. 5. 


DIARY 


2nd-10th Oct.— Nationa INDUSTRIAL FUEL EFFICIENCY 
SERVICE and COMBUSTION ENGINEERING ASSOCIA- 
TIoN—Fuel Efficiency Exhibition—Olympia, Lon- 
don. 

8rd Oct.-5th Dec.—InsTITUTE oF WELDING—Course of 
Lectures on “ Detail Design of Welded Structural 
Steelwork ’’—Junior Institution of Engineers, Roch- 
ester Row, London, S.W.1. 

4th Oct.—LeEps METALLURGICAL Society—“ Testing.” 
by A. Lenton—Large Chemistry Lecture Theatre, 
The University, Leeds, 7.15 P.M. 

4th-5th Oct.—Iron anp STEEL INstiTUTE, Engineers 
Group—Meeting at Port Talbot, South Wales. 

6th-12th Oct.—AMERICAN SocrETY FOR METALS—38th 
National Metals Congress and Exposition, Cleve- 
land, Ohio. 

7th-10th Oct.— ASsocIAZIONE ITALIANA DI METALLURGIA 
—wNational Convention—Palazzo del Consiglio Naz- 
ionale delle Ricerche, Rome. 

11th Oct.—LivERPooL METALLURGICAL SocieTy—Presi- 
dential Address, by W. Rose, J.p.—Liverpool 
Engineering Society, The Temple, Dale Street, 
Liverpool, 7 P.M. 

12th Oct.—-IRON AND STEEL INSTITUTE and BRITISH 
TRON AND STEEL RESEARCH ASSOCIATION—Cor- 
rosion Meeting—4 Grosvenor Gardens, London, 
S.W.1, 10 a.m. 

12th Oct.— NEwport METALLURGICAL SocieTy—Annual 
Dinner, Newport, Mon., 7 P.M. 

18th Oct.—SwansEA AND District METALLURGICAL 
Soctery—Presidential Address, by R. Walker— 
Central Library, Swansea, 6.30 P.M. 

15th-28th Oct.—Economic ComMIssION FOR LATIN 
AMERICA, UNITED Nations—Latin American Meet- 
ing of Experts on the Steelmaking and Transforming 
Industries—Sao Paulo, Brazil. 

19th Oct.—WeEst oF ScorLaNnD IRON AND STEEL INsTI- 
TUTE—Symposium on “ The Application of Low- 
alloy Steels for Welded Pressure Vessels ’’—39 Elm- 
bank Crescent, Glasgow, C.2, 10 a.m. 

22nd-27th Oct.—Socizrzk FRANCAISE DE METALLURGIE 
—Autumn Meeting, Paris. 

23rd-24th Oct.—GrEsELLScHAFT DEUTSCHER 
LEUTE—NSecond Congress—Leipzig. 

24th Oct.—LiverRPooL METALLURGICAL SocreTy—Visit 
to Meccano Ltd., Binns Road, Liverpool 13. 
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MINERAL RESOURCES 


Chromite Production at Pium-i (Brazil). E. Frias Rocha. 
(Rev. Quim. Industr., 1954, 28, Dec., 14-18). [In Portuguese]. 
The chrome ore deposits (up to 45% Cr,O3) are in the Serra do 
Andaime (Andaime Mountains). An account is given of the 
transportation costs to the industrial centres (300 miles to 
Belo Horizonte). The geology of the main regions which 
have been explored and exploited is given.—R. s. 

Monazite Deposits in the Rio Grande do Norte State (Brazil). 
(Rev. Quim. Industr., 1955, 24, Jan., 11). [In Portuguese]. 
The Brazilian National Department for Mineral Production 
has just revealed the existence of one of the most important 
monazite deposits in Brazil at Floriania in the region of 
Seridé in the State of Rio Grande do Norte. These deposits 
are associated with zirconium. No further details are given. 


ORES—MINING AND TREATMENT 

Underground Mining in the Frodingham Ironstone. A. 
Jones. (Bull. Inst. Min. Met., 1956, 65, April, 253-272 
June, 422-430). An account of the geology of the deposit 
and methods of working employed. 

The Mining and Dressing of Low-Grade Ores in Europe. 
(Organisation for European Economic Co-operation, T.A.R. 

27 (54) 1, June, 1955, 1-319). The object of the mission 
was to examine the facilities available for research and the 
practical results achieved in the mining of low grade ore 
in Great Britain, Sweden, Germany, Italy and France. Only 
in Germany were manufacturing plants examined. Problems 
associated with the improved exploitation of low-grade ores 
are considered and recent interesting developments in research 
and practice are reported. Details of plants and laboratories 
are given in a series of appendices.—B. G. B. 

Sintering Iron Ore. Process Control at Appleby-Frodingham 
Steelworks. KR. A. Kipling and N. D. Macdonald. (Process 
Control, 1955, 2, Jan., 9-14). The control system for the 
Appleby-Frodingham sinter plant is described. This falls 
under three main headings, namely, the control of supply, 
mixture, and the sintering process. All equipment except 
the sintering machines and the surge bin feeder tables are 
started up in a predetermined sequence. The feeder tables 
are fed from an M.K. set, enabling the feed rates to be varied 
whilst keeping the constituents at a constant ratio; the coke 
table is energised separately. The supply of water is adjusted 
from the control room. Combustion rate, air supply, strand 
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speed and fuel are controllable, and an overall coordinating 
control is exercised from the control room. Possibilities of 
further development in the direction of fully-automatic 
control are discussed.—t. D. H. 

The or ae pmeny of Test Results in an Experimental 
Sinter Box. C. Lang and J. M. Ridgion. (J. Iron Steel Inst., 
1956, 188, 173- 177). [This issue]. 

New Sintering Plant in Operation at Steel Company of 
Canada. J. S. McMahan. (Blast Furn. Steel Plant, 1955, 
43, Dec., 1369-1376, 1385-1386). A detailed description of 
this new sinter plant manufactured by Lurgi is given. The 
plant is of the Dwight Lloyd type and has one strand with a 
design capacity of 1700 tons/day. The stand is 98 ft. long 
x 6 ft. 6 in. and has 16 windboxes. A grease seal is employed. 
The fan is powered by a 1750-h.p. motor and is designed to 
operate at 39-4 in. suction and 302° F. Cooling of the sinter 
takes place on an inclined cooling conveyor.—B. G. B. 

Operating Experience at the Kamysh-Burunsk Sinter Plant. 
D. I. Vasil’ev and V. A. Arbuzov. (Stal’, 1955, (4), 302-305). 
[In Russian]. Recent operating experience at a sinter plant 
dealing with an ore containing up to 96-97% of 0-8 mm fines 
and 23-24% moisture. The charge normally contains 
25-28% return fines, which are added hot, and result in the 
charge temperature rising to 45-50° C and moisture falling 
to 13-14%. The fuel is coke fines with 13-15% ash and 
16-17% moisture. Through various improvements the fuel 
consumption fell from 167 kg per ton sinter in 1952 to 157 in 


1953, the corresponding figures for electrical energy being 
24-2 and 21- oe Further improvements to be undertaken 
are listed. —S. K. 


FUEL—PREPARATION, 
PROPERTIES, AND USES 

High Temperature Reactions for Coal Minerals During 
Combustion. G. Whittingham. (Brit. Coal Utilisation Res. 
Assoc. Monthly Bull., 1954, 18, Dec., 581-590). Information 
on the chemical reactions of coal minerals under combustion 
conditions is reviewed under the headings sulphides, carbo- 
nates, chlorides and silicates. (40 references.)—D. L. Cc. P. 

Combustion Efficiency, Flue Gas Analysers, and Atmo- 
spheric Pollution. J.C. Farquhar. (Fue! Econ. Rev., 1956 
34, 73-78). This article deals with the combustion processes 
in furnaces from the standpoint of the provision and proper 
utilization of combustion air. The adequacy of the total air 
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supply can best be determined by a continuous oxygen 
analyser, but warning of incomplete utilization of the air 
must be given by a smoke or combustibles indicator. The 
effects of air supply and combustion conditions on atmo- 
spheric pollution and combustion efficiency are briefly dis- 
cussed.—D. L. C. P. 

The Significance of Reactions of Low Activation Energies 
to the Mechanism of Combustion. F. J. Weinberg. (Proc. 
Roy. Soc., A, 1955, 280, June 21, 321-342). Considerations 
of activation energy suggest that combustion mechanisms 
may be simply regarded in terms of single rate-controlling 
chain-branching and -breaking steps; these may be derived 
from measurable flame properties. Flame propagation, 
burning velocities, etc. are discussed.—kK. E. J. 

The Radiation from Turbulent Jet Diffusion Flames of 
Liquid Fuel/Coke Ovens Gas Mixtures. (J. Inst. Fuel, 1956, 
29, Jan.). The articles deal with Performance Trials Nos. 
III, IV and V of the Flame Radiation Research Joint Com- 
mittee, carried out on the pilot scale furnace at Ijmuiden. 

1. Purpose of the Trials and Practical Implications of the 
Results. The International Flame Research Committee. 
(23-26). Tests were carried out with mixtures of liquid and 
gaseous fuels, to determine the effect of their proportions on 
radiation from the flames. It was found that the replacement 
of 20% of the gas with liquid fuel gives an increase in emissi- 
vity of 30% compared with that of a 100% liquid fuel flame 
which is 4 times that of a coke-oven gas flame in the early 
part of the flame. On the other hand 30% of creosote- pitch 
or 20% of oil can be replaced by coke oven gas without 
appreciable loss of emissivity compared with the 100% liquid 
fuel flame. 

2. Methods of Increasing the Emissivity of Coke-oven- 
gas Flames without Addition of Liquid Fuels. M. W. Thring 
(27-30). After considering published work, it is concluded 
that promising methods of increasing emissivity of coke- 
oven-gas flames are (1) pure preheat of the gas, (2) preliminary 
partial combustion of the gas. 

3. Conduct of the Trials and their Results. M. Riviére. 
(31-44). The experimental conditions are indicated. Variables 
were fuel quantity; combustion air quantity; jet momentum 
quantity; fuel quality. The results show the influence of 
each of the variables on the flame radiation and the tempera- 
ture of the walls, as well as the interaction between the 
variables.—D. L. C. P. 

Generating Power in Steelworks: The 120,000 kW Power 
Station at the Herserange Steel Works. A.Evain. (Centenary 
Congress of the Société de V Industrie Minérale, June, 1955, 87, 
1-4). An outline is given of the development of power 
generation in the Briey Basin of Lorrain from small individual 
works generators to two large centralized power stations. 
The latter provide the most efficient method of utilizing 
surplus blast-furnace gas available in the district.—r. ¢ 

A New Gas Engine at Cockerill. A. Vandeghen. (Rev 
Tech. Luxembourg., 1955, 47, Apr.—June, 115-116). A short 
description of new engines using a mixture of blast-furnace 
gas and oil, at the Société Cockerill for driving blast-furnace 
blowers is given.—B. G. B. 

The Gas Turbine Division of Dudelange (ARBED). M. 
Steffes and P. Mosel. (Rev. Tech. Luxembourg., 1955, 47, 
Apr.—June, 75-81). A description is given of a 7-stage gas 
turbine designed to use blast-furnace gas or fuel oil and to 
operate up to 600° C and 2-8 kgms/em*, The turbine is used 
for electric generation and has been very satisfactory in 
operation.—B. G. B. 

Coal and the Future. W. I. Jones. (Swansea Met. Soc. 
Advance copies, 1954, Dec. 4, 1-15). The production and 
utilisation of coal and other fuels in U.K. are briefly discussed; 
present conditions and knowledge are presented and possible 
trends in fuels and chemicals over the next 50 years are 
considered.—D. L. ©. P. 

Fuel Statistics. K. R. Lenel. (Brit. Coal Utilisation Res. 
Assoc. Monthly Bull., 1955, 19, Jan., 1-8). References are 
given to world-wide statistics on (a) fuel reserves, (b) rank or 
type of solid fuel reserves, (c) analyses of solid fuels, (d) pro- 
duction and consumption; also to informed comment on 
these figures. Brief notes about the information are given. 
(46 references).—D. L. C. P 

The Theoretical Bases « Heat Recuperation. A. Schack. 
(Chaleur et Ind., 1956, 37, Jan., 11-15). The theory is given 
and discussed, and the economies of recuperation are briefly 
indicated.—t. E. D. 
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The Problem of Dust in the Construction _ Recuperators. 
G. Wellensiek. (Chaleur et Ind., 1956, 37, Jan., 21-24). In 
connection with this problem the principles of a slagging 
gas producer with an agitated slag bath as reaction medium, 
a radiation recuperator and a convection recuperator are 
briefly described.—t. E. D. 

Problems Facing the By-Product Coking Industry. A. k. 
Shelkov. (Stal’, 1955, (8), 675-678). [In Russian]. A broad 
survey is given of recent developments in the coking industry 
of the U.S.S.R., with special reference to the requirements 
of iron and steel production. Problems confronting the 
industry are discussed.—-s. kK. 

Coke-Ovens of the Iron-Smelting Industry in the Lorraine 
Valley. J. de Miscault. (Centenary Congress of the Société dé 
UIndustrie Minérale, June, 1955, Sa. 18, 1-5). A brief survey 
is made of the historical development and present day 
technical and economic egg of the production of meta!- 
lurgical coke in Lorraine.—r. 

The Sidelor-Micheville Coke Oven Plant at Villerupt. \. 
Cornuat. (Centenary Congress of the Société de l' Industri: 
Minérale, June, 1955, Sa. 13, 1-8). Details, data, and materia! 
balances are given for several months of normal operation of 
this plant which comprises two batteries of Becker “* Disti- 
coke ” type and a standard coal preparation plant.—r. c. 

A Description of the Coke Plant Equipment at Neuves- 
Maisons, for Handling Different Coal Mixtures. First Operating 
Results. L. Odile. (Centenary Congress of the Société de lV Indus- 
trie Minérale, June, 1955, Sa. 14, 1-6). A brief account is 
given of the features of a new coke oven plant designed to 
work with a large variety of mixtures of coals including high 
proportions of low-coking types.—k. Cc. 

Consett No. 2 Coke-Oven Battery. (Coke Gas, 1956, 18, 
Feb., 73-74). Demolition and construction problems en- 
countered when old ovens were replaced by 20 new Wilputte 
ovens are briefly described. The job was carried out without 
shutting down the part of the battery not being replaced. 

The New “ Emma ” Coking Plant of the Netherlands State 
Mines. J. P. M. van Waes and H. E. Quanjel. (Coke Gas, 
1956, 18, Mar., 83-87; Apr., 117-122). A number of unusual! 
features, such as the use of oxygen for the manufacture of 
fuel gas for heating the ovens, are employed in the plant, 
which is here described. Notes are given concerning the gas 
cooling and ancillary plant, ammonia recovery, benzole 
extraction and refining, and the slagging generators using 
oxygen and steam for the manufacture of oven heating gas. 

Proceedings of the Conference on the Construction of Large- 
Capacity Coke Ovens. R. Z. Lerner. (Stal’, 1955, (5), 396-397). 
{In Russian]. At a conference organized by the Ministry of 
Ferrous Metallurgy, the building in the U.S.S.R. of two 
experimental coke ovens was recommended, the proposed 
chamber widths, lengths and heights being 450, 15,000 and 
5000 mm, respectively.—s. K. 

The Contribution of the Saar Mines in the Use of Low Grade 
Coking Coals for the Production of Metallurgical Coke. J. 
Bamal. (Centenary Congress of the Société de UIndustric 
Minérale, June, 1955, Sa. 11, 1-9). Brief accounts are given 
of various successful trials in producing good metallurgical 
cokes from complex blends using low-grade coking coals from 
Saar mines. The replacement of binders by a ramming treat- 
ment was also investigated with promising results.—kr. ¢ 

The Production of Coke and Gas in the Bassin du Nord and 
Pas-de-Calais Areas. M. Malherbe. (Centenary Congress of the 
Société UV Industrie Minérale, June, 1955, Sa. 22, 1-7). A 
survey is made of technical and economic problems created 
by the necessity for balancing and co-ordinating the require- 
ments of coke and gas consumers in these districts. An outline 
is given of planned reconstruction and modernization of 
equipment.—E. C. 

The Development of Carbonisation in France and Technical 
Aspects of its Economics. J. Sabatier and J. Moussu. (Cen- 
tenary Congress of the Société de lV Industrie Minérale, June, 
1955, Sa. 20, 1-5). 

Carbonization of Lorraine Coals at Thionville. ©. Mehl. 
(Centenary Congress of the Société de V Industrie Minérale, June, 
1955, Sa. 12, 1-8). Results are surveyed of full-scale tests in 
the production of metallurgical coke from coal mixtures with 
high V.C.M. content (31-5°, average), using the * Sovaco ” 
process.—E. C. 

The Incorporation of Fuel Oil in a Metallurgical Coke Blend 
Containing 60 per cent of High-volatile Coal. H. Decalf. 
(Centenary Congress of the Société de VIndustrie Minérale, June, 
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1955, Sa. 10, 1-8). A brief account is given of experiments 
with the addition of fuel oil to coke mixtures containing high 
proportions of high-volatile coal. Data are given from the 
resulting satisfactory industrial production of blast furnace 
coke, using 0-4°% of fuel oil and 60°, of high-volatile coke in 
the feed.—. c. 

The Development of the Carling Process for the Production 
of Coke from Lorraine Coals. J. Deruelle. (Centenary Congress 
of the Société de ’ Industrie Minérale, June, 1955, Sa. 9, 1-7). 


A brief account is given of the principle and development of 


the Carling process of producing coke from prepared mixtures 
of coals with the addition of coke dust and the use of ramming 
to produce high density charges. The associated by-products 
industry is outlined.—kr. c. 

New Processes for Improving Coke. A. Jenkner. (Centenary 
Congress of the Société de V Industrie Minérale, June, 1955, 
Sa. 6, 1-21). Details are given of investigations concerning 
the production of good metallurgical coke from Ruhr coking 
coals with additions of high and low volatile coals. The 
French ‘‘ Sovaco ”’ process of selective blending and crushing 
was adopted, producing coke of great uniformity and excellent 
physical properties. Improved coke-oven performance result- 
ing from the uniform feed is expected to offset higher plant 
costs.—E. C. 

Dry Cake Coking. R. Loison. (Centenary Congress of the 
Société de Industrie Minérale, June, 1955, Sa. 5, 1-7). By 
using a dry cake mix the production capacity of a coke oven 
may be increased by up to 24%. Details are given of results 
found in practice and the economic aspects of this method 
of producing coke.—r. ¢ 

Low-Temperature Carbonization of Lignite and Non-Coking 
Coals in the Entrained State. V. F. Parry, W. 8. Landers, and 
E. O. Wagner. (Min. Eng., 1956, 8, Jan., 54-64). Pilot-plant 
work, with fluidized drying and carbonization techniques, 
shows that lignite can be upgraded for use in power plants. 
The fuel cost is offset by tar yields of 10-45 gal/ton.—k. FE. J. 


oe Use of Metallurgical Coke in Lorraine. V. Remond and 

Cyther. (Centenary Congress of the Société de Industrie 
ys her June, 1955, Sa. 17, 1-8). Conditions of blast furnace 
operation peculiar to Lorraine are outlined and effects of coke 
properties on furnace performance are considered.—r. c. 

Results of Using Carling Coke in the Blast Furnace. M. 
Legendre, P. Michaux, and P. Thierry. (Centenary Congress 
of the Société de U Industrie Minérale, June, 1955, Sa. 16, 1-8). 
Results are reported of full-scale tests at three Lorraine blast- 
furnace plants with the substitution of Carling coke for high- 
grade Ruhr coke. Carling coke is a Lorraine-made product 
based on a mixture with high proportions of non-coking coals. 
Within the limitations of assessment accuracy Carling coke 
was found fully equivalent to the Ruhr product.—r. « 

A Study of the Properties of Six Cokes. Ch. G. Thibaut, 
P. Vigneron, and B. Menuet-Guilbaud. (Centenary of the 
Société de UV’ Industrie Minérale, June, 1955, Sa. 15, 1-11). A 
preliminary report is made on results obtained to date in a 
comprehensive programme of investigation instigated by 
IRSID. Six French cokes are being studied in all conceivable 
respects and data from 12 laboratories are being compared. 

New Methods for Assessment of the Quality of Metallurgical 
Coke. M. Th. Mackowsky. (Centenary Congress of the Société 
de U Industrie Minérale, June, 1955, Sa. 7, 1-12; tliickauf, 
1955, 91, Aug., 221-230). An attempt is made to relate coke 
quality to porosity, and factors influencing porosity are 
investigated. A new method of determining coke reactivity 
(as compared with CO) is described, and relationships are 
traced between reactivity, mechanical strength and quality 
of metallurgical cokes.—r. c. 

Natural Gas Burners for Industrial Furnaces. M. Tesio. 
(Calore, 1955, 26, Mar., 123-135). [In Italian]. This paper 
gives a detailed description of seven different types of gas 
burners and discusses their applications to different types of 
industrial furnaces including open hearth furnaces. (27 
references).—M. D. J. B. 

Total Gasification of Coal in Great Britain. A. R. Myhill. 
(Gas Times, 1956, 86, Feb. 3, 71-74). The question of whether 
gas manufacture should continue with co-production of a 
solid-fuel residue, or whether complete gasification should be 
adopted, is examined. The theory and practice of total 
gasification are discussed, and the Lurgi process is described. 

Developments in Gas-Producer Practice. G. W. C. Allan. 
(J. Inst. Fuel, 1955, 28, Sept., 458-462). Developments in 
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producer design and practice over the last 5 years are reviewed. 
Particular activity is noted in the following fields: 2-stage 
machines; automatic control; clean gas.—D. L. c. P. 

The Removal of Hydrogen Sulphide from Coke Oven Gas 
Using Closed Circuit Pressure Washing. W. Klempt and G. 
Huck. (Centenary Congress of the Société de l’ Industrie Minérale, 
June, 1955, Sa. 21, 1-9; Gliickauf, 1955, 91, Aug., 215-220). 
The principle and process are described of a method of de- 
sulphurizing coke oven gas under pressure with ammonia 
solutions of — concentration. 95 to 100°, removal of H,S 
is claimed. ( 

Recent Sicciamaninte in the Measurement of Dust Content 
in Industrial Gases. K. Guthmann. (Stahl u. Eisen, 1955, 
75, Nov. 17, 1571-1582). Quantitative measurement of dust 
content is discussed, followed by a review of suitable filter 
materials. Apparatus for the measurement of large and small 
dust particles is described, and the method of calculation of 
dust content indicated. Sources of error are referred to.—A. ©. 

The Performance of a Wellman-Galusha Producer Installa- 
tion with a Whessoe Gas-cleaning Plant. J. A. Grainger. 
(J. Inst. Fuel, 1955, 28, Dec., 594-600). The problems 
encountered in ensuring a reliable supply of gas at a com- 
petitive price from a coke producer-gas installation supplying 
a large steelworks are described. Performance data are 
given. At high load factors the plant is capable of producing 
and distributing gas at a competitive price.—p. L. c. P. 

Reactions of Carbon with Carbon Dioxide and with Steam 
C. G. von Fredersdorff. (Gas Times, 1956, 86, Feb. 3, 68-70). 
Carbon-carbon dioxide reactions at atmospheric pressure, 
and carbon-steam reactions at atmospheric and_ super- 
atmospheric pressures were studied in fixed beds under 
steady state conditions. Apparatus is described and results 
are given.—T. E. D. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Calibration of Temperature Measuring 
(National Physical Laboratory, Notes on 
No. 12, 1955). Details of standard test procedures for 
mercury thermometers, thermocouples, thermo- 
meters, disappearing filament pyrometers, and tungsten strip 
lamps are given.—B. G. B. 

Influence of Humidity on Measurements with Radiation 
Pyrometers. KR. Smit. (Appl. Sci. Res., 1956, B5, No. 6, 
428-436). Calculations are given for determining errors 
caused by absorption by water vapour, and experimental 
checks are included. 


Instruments. 
A pplie l Science, 
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REFRACTORY MATERIALS 


Production of Forsterite Refractories: Composition, Charac- 
teristics and Utilisation of Magnesite-tale Schist. S. Sen and 
R. Singh. (J. Sei. Indust. Res., 1955, 14B, Dec., 656-665). 
Addition of 2 36 9% excess of magnesite on the weight of magne- 
site-tale and a firing temperature of 1500° C are the optimum 
conditions necessary for the production of high temperature 
refractories with a Pyrometric Cone Equivalent of 38.—r. F. w. 

Model Tests in the Brick Industry. J. Voskuil. (Chem. 
Week., 1955, 51, Nov. 19, 835-844). [In Dutch]. The 
author examines, with the help of several examples, the 
aerodynamic phenomena occurring in drying ovens as used 
in the ceramic industry and calls attention to the difficulties 
connected therewith which seem hitherto not to have been 
particularly weil understood. Numerous illustrations of 
draught systems in furnaces appear and the paper concludes 
with a bibliography of 28 references on the subject.—rF. R. H. 

Studies on the Corrosion of Pouring-Pit ee by the 
Molten Steels and Slags. I. S. Maekawa and Nakagawa. 
(Tetsu to Hagane, 1955, 41, Dec., 1237-1243). | In Japane se]. 
Studies were made ig chamotte bricks, containing SiO, 63, 
Al,O, 34:5, Fe,O, 2-5 and CaO 0-11%, approx. 
was influenced oh Sl by the Mn and FeO contents of molten 
steel, Si reducing it. The reactions for corrosion by Fe, Mn 
and FeO are discussed quantitatively. (12 references), 

The Behaviour of Refractory Materials to Thermal Stresses. 
L. Massimilla and 8. Bracale. (Met. Ital., 1955, 47, Nov., 
511-518). [In Italian}. An tre is made to interpret 
the results of tests carried out on refractory materials sub- 
jected to different thermal cycles. The effects of modulus of 
elasticity, thermal diffusivity, thermal expansion, and mech- 
anical strength are examined in detail. The authors stress 
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the importance of the structure of the material and suggest a 
‘homogeneity factor’ to be added to the test of factors 
which help to define quality in refractories.—M. D. 4. B. 

Testing the Strength of Refractories by Sudden Thermal 
Changes. A. Giannone and L. Massimilla. (Met. Ital., 
1955, 47, Oct., 461-464). [In Italian]. After giving a brief 
review of refractory tests specified in different countries, 
the authors put forward a method similar to the American 
panel tests but suitably modified to reproduce as far as 
possible the actual working conditions which refractories 
have to stand up to. The method is based on theoretical 
studies indicating temperature and stress distributions. 
Tests carried out on silica, magnesia, and silico-alumina 
bricks are described.—m. D. J. B. 

Recent Research on the Chemistry of Open-Hearth Roof 
Refractories and its Bearing on Durability. J. White. (West 
Scotland Iron Steel Inst., Paper No. 488, Mar. 16, 1956). 
The author examines recent work on this subject and considers 
the factors determining the resistance of silica bricks to 
fluxes, the action of iron oxides and flux penetration. Atten- 
tion is then directed to the basic roof and the general proper- 
ties of chrome magnesite refractories are reviewed, including 
the phase relationships. The author concludes with a 
consideration of the equilibrium relationships of the iron 
oxides in chrome refractories. (41 references).—L. E. W. 

Casting Pit Refractories. (Ceramics, 1955,'7, March, 12-18). 
Casting operations are described, and refractories suitable 
for the various conditions are considered.—D. L. C. P. 

Zircon as a Refractory Material. B. L. Majumder. (Cera- 
mics, 1956, 7, Jan., 465-468; Feb., 497-499). The nature, 
availability, and refractory properties of zircon are considered 
in Part 1, and the uses of the refractory in Part 2. Resistance 
to coal-ash slags is good but there is some reaction with 
basic iron slags.—D. L. C. P. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG 
IRON 


Progress of the Pig Iron Making Process in Japan. K. 
Wada. (Tetsu to Hagane, 1955, 41, July, 714-722). [In 
Japanese]. Developments since the end of the war, when 
production was hampered by the poor quality of raw materials, 
include 1200 tons per day production on one furnace, and a 
national average coke rate of < 700 kg per ton of Fe (one 
furnace operates at 680 kg); they are attributed to new plant, 
quality control of coke, and high-sinter burdens.—k. E. J. 

The Russian Iron and Steel Industry. (Jron and Steel 
Institute, Special Rept. No. 57. 35 pp.). This is the report 
of a British Steel Mission on a visit to the U.S.S.R. It covers 
organization, raw materials and transport, plant and 
operations, research and development, personnel, and 
education and training. There are 5 illustrations and a map. 

The Russian Iron and Steel Industry. W. F. Cartwright. 
(Engineering, 1955, 180, Dec. 2, 755-756). See previous 
abstract. 

International Collaboration in Iron and Steel Research. 
P. Coheur. (Rev. Soc. Roy. Belge Ing. Indust., 1955, Dec., 
494-509), The development of the low shaft furnace project 
at Liége is described as a particular case of international 
research. A number of other international research projects 
is mentioned.—Bs. G. B. 

Performance Criteria for Hot-Blast Stoves. S. Szczeniowski. 
(Centenary Congress of the Société de l’Industrie Minérale, 
June, 1955, Sf 4, 1-10). Methods and criteria are discussed 
for assessing the performance of Cowper stoves in respect of 
gas consumption, rate of heat exchange, and heat storage 
capacity.—k. C. 

Various Types of Cowper Stoves Used as Heat Accumulators. 
D. Sanna and M. Pasquet. (Centenary Congress of the Société 
de l' Industrie Minérale, June, 1955, Sf3, 1-51). A detailed 
account is given of a series of investigations and full-scale 
trials carried out by I.R.S.1.D. from 1950 to 1953. The 
principle and problems of heat storage are explained and 
results of the tests are discussed. The trials were carried 
out at various plants in Lorraine and full data are given in 
each case. The balance of benefits of heat storage against 
gas losses and refractory consumption is considered.—kr. c. 

On Improvements of the Blast Furnace Practice. C. 


Sakai. (Tetsu to Hagane, 1955, 41, Dec., 1228-1232). [In 
Japanese]. An account is given of improvements to practice 
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at No. 2 furnace of Kokura Steel Works, producing low- 
copper, low-sulphur iron. These concerned raw materials 
preparation, increased quality and production of sinter, slack 
wind blowing, and the use of elliptical tuyeres. The output 
has exceeded 400 tons per day and the coke rate is below 
14 ewt. per ton.—kK. E. J. 

Desulphurization of Pig Iron with Calcium Carbide. %. 
Kawabata and M. Okami. (Tetsu to Hagane, 1955, 41, Dec., 
1244-1246). [In Japanese]. Desulphurization trials were 
made with CaC, and CaO powders injected in streams of 
nitrogen and air. The best results were obtained with 1°, 
of CaC, in nitrogen; at temp. above 1350° C, the sulphur 
content was reduced to 20% of its original value or less. 
Full-scale applications of the process are described.—k. E. J. 

Fundamental Research on Cinders as Pig Making Material. 
Il. T. Akimoto and 8. Onishi. (Tetsu to Hagane, 1955, 41, 
Dec., 1223-1228). [In Japanese]. Investigations were 
made of pyrite and pyrrhotite residues from sulphuric acid 
manufacture. The former was reduced more easily by CO 
and solid carbon, and had a higher permeability at high 
temp. (12 references).—k. E. J. 

The Influence of Coke Circulation on the Combustion 
Process in Blast Furnaces. I. P. Bardin, M. Ya. Ostroukhov, 
L. Z. Khodak and L. M. Tsylev. (Izvest. Akad. Nauk, 
SSSR, Otdelenie Tekn. Nauk, 1955, (1), 80-95). [In 
Russian]. The combustion zone in front of tuyeres was 
investigated in four blast furnaces. The distributions of 
oxygen, carbon dioxide, carbon monoxide, temperatures, and 
static pressures along the radius in front of the tuyere nozzle 
were measured and samples of slag and metal were collected. 
On the basis of results obtained it is concluded that the 
combustion in a blast furnace takes place not in a layer of 
coke but in a stream of blast in which pieces of coke are 
suspended. Only the last stage of combustion, the reduction 
of carbon dioxide to carbon monoxide, takes place in the 
boundary layer of coke surrounding race ways.—v. G. 

On the Behaviour of Zinc in Blast Furnaces. A. L. Zagyan- 
skii. (Ivest. Akad. Nauk SSSR, Otdelenie Tekn. Nauk, 
1955 (1), 96-108). [In Russian]. The difficulties in furnace 
operation which may be caused by zinc are outlined. General 
characteristics of zinc minerals present in ores and sinters is 
given and the behaviour of zine at various furnace levels is 
discussed.—v. G. 

No. 4 Blast Furnace at Margam. (Engineering, 1956, 181, 
Jan. 20, 68). A brief description is given of the new 
29 ft. 9 in. blast furnace at the Margam Works of the Steel 
Company of Wales. The blast furnace, the largest in Europe. 
will make upwards of 10,000 tons of iron a week. Air for the 
furnace is provided by a 125,000 cu. ft./min. steam-driven 
axial-flow turbo-blower supplied by The Oerlikon Engineering 
Co. of Zurich. The furnace is equipped with 4 gas-cleaning 
units. Slag from the furnace is run into pits from which it 
will be loaded by diggers into road vehicles and conveyed to 
tips.—M. D. J. B. 

Iron and Steel. W. F. Cartwright. (Hngineer—Centenary 
Number 1955, 174-177). Brief details are given of the 
notable engineering developments which have taken place 
in the iron and steel industry. Special reference is made to 
hydraulic engineering, to the cleaning of blast furnace gas 
and to speed control equipment of cold rolling mills. 

Progress in the Fuel Efficiency of the Blast Furnace. 
A. H. Leckie. (J. Inst. Fuel, 1955, 28, Dec., 618-624). The 
influence of the following factors on the coke consumption 
of blast furnaces since 1920 is considered:—1. Richness of 
ores, 2. Type of iron made, 3. Quality of burden, 4. Quality 
of coke, 5. Size of furnace. The trend of decreasing coke 
consumption is mainly due to burden preparations and 
increase in the size of furnaces. Efficiency in the use of 
blast furnace gas is also considered. (40 references). 

Horizontal Distribution of Materials in the Throat. V. K. 
Gruzinov. (Stal’, 1955, (4), 305-311). [In Russian]. The 
various types of uneven distribution of materials in the blast- 
furnace throat are discussed and related to charging method 
and especially to distribution on the small bell. The sig- 
nificance of curves of carbon dioxide contents along various 
radii and at different distances from the wall is considered. 
The theory of horizontal distribution, which is considered 
of greater significance than vertical, is discussed in detail. 
Ore and coke layers are sketched out for different charging 
cycles, and the practice recently reported from the Park 
Gate works is reviewed.—s. kK. 
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Electric Smelting of Titaniferous Ironsands at Onekaka. 
T. Marshall and D.S. Nicholson. (New Zealand J. Sci. Tech., 
1955, 37, Sept., 201-220). The ironsands contain over 
50% iron after concentration but owing to the high titania 
content (7%) cannot be smelted in a conventional blast 
furnace. Tests using electric smelting techniques are 
described and show that the ironsands could be smelted in a 
continuously-operated electric furnace.—B. G. B. 

Electric Smelting of Ilmenite Concentrates from Valley 
County, Idaho. L. H. Banning, W. F. Hergert and D. E. 
Halter. (U.S. Bur. Mines Rep. Invest. 5170, 1955, Nov.). 
Electric smelting of alluvial ilmenite from Idaho containing 
34-35% Fe and 39-45% TiO, is described. The results 
obtained are satisfactory and indicate it is possible to produce 
a slag containing over 80% TiO, and a marketable pig iron. 
It is considered that further tests should be carried out. 

Desulphurization of Iron in the Electric Smelting Furnace. 
B. Marinéek. (Stahl u. Eisen, 1955,.75, Aug. 11, 1024— 
1026). Operational results on an 8000 kW electric low shaft 
furnace show that of the sulphur introduced with the burden 
some 8% enters the metal, 679% is absorbed by the slag and 
25% is carried away with the waste gases. It is shown that 
silicon and carbon in the metal make desulphurization more 
effective by reducing the oxygen potential of the metal and 
so facilitating pick-up of sulphur by the slag. The desul- 
phurization results are shown graphically and it is suggested 
that they could be employed in other types of blast furnace. 

Pastes for Soderberg Arc-Furnace Electrodes. K. N. 
Cederquist. (Jernkontorets Ann., 1955, 189, (11), 893-922). 
{In Swedish]. Various explosions caused by pe ena 
composition of electrode pastes were investigated and were 
ascribed to undesirable swelling properties as a result of wood 
tarcontent. Details are given of an investigation of the faulty 
pastes and of some 20 other grades. Attempts to find 
simple acceptance test for pastes are described, and it is 
concluded that the general character of the paste can best 
be studied by testing the softness of samples at various 
temperatures. Tests showed that electrode strength is not 
improved by adding surface-active agents.—G. G. K. 


TREATMENT AND USE OF SLAGS 


Surface Structure of Nonoxidising Slags Containing Sulphur. 
R. E. Boni and G. Derge. (Trans. Amer. Inst. Min. Met. 
Eng., 1956, 206; J. Met., 1956, 8, Jan., Section 1, 59-64). 
The authors have studied the effect of sulphur on the surface 
tensions of synthetic blast-furnace slags. Low surface 
tension is found to be associated with high basicity; sulphur 
lowers the surface tension of basic BaO, basic CaQO, acid 
BaO, acid CaO, and acid MgO slags in amounts increasing in 
that order, and the concentration of excess sulphur at the 
slag surface increases in the same order, Desulphurization is 
favoured by a low excess surface sulphur in the slag.—c. F. 

Spectographic Solution Methods for Slag Analysis. S. 
Bergenfelt. (Jernkontorets Ann., 1956, 140, 1, 75-80). 
{In Swedish]. Details are given of two methods. In the 
first the powdered sample and cupric oxide are dissolved in 
hydrochloric acid, the solution being filtered to remove the 
silica. Part of the solution is transferred to a small glass 
cup and carried to an a.c. spark by a rotating graphite disc 
which dips into the solution. The cupric oxide serves as an 
internal standard. In method 2 the sample is fused with 
borax, dissolved in a solution containing citric acid and 
cobalt nitrate as the internal standard, and spark excited as 
above.—G. G. K. 

On Transfer Numbers of Calcium Ions in the Simplest 
Molten Slags. O. A. Esin and A. K. Kir’yanov. (Jzvest. 
Akad. Nauk SSSR., O.T.N., 1955, 12, 28-34). [In 
Russian]. Tonic nature of the conductivity of slags in the 
CaO-SiO, and CaO-—Al1,O, systems was confirmed by measure- 
ments of transfer numbers of calcium ions at temperatures 
1450-1460°C using radioactive calcium.—v. G. 





DIRECT PROCESSES 


A Little-Studied Aspect of the Spanish Metallurgical 
Problems. G. Arregui Echeverria. (Met. Elect., 1955, 19, 
Oct., 49-52; Nov., 53-56). [In Spanish]. It is pointed 
out that the large scale iron and steel making plants are 
handicapped by a lack of flexibility which is required if low 
grade natural resources are to be handled. The small local 
plants can adapt more easily and could deal with low grade 
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ores by modern direct reduction processes. The fundamental 
physico-chemical reactions of these processes are closely 
paralleled in the blast furnace, and these are described in 
illustration.—P. s. 

Joint Metallurgical Societies’ Meeting in Europe, 1955. 
Technical Sessions in Dusseldorf: 

The Krupp-Renn Process. OD. 
author recapitulates the more important features of the 
Krupp-Renn_ revolving-kiln process and describes some 
recent developments. The economics of the process are 
assessed.—G. F. 

The Simultaneous Production of Cast Iron and Cement in a 
Rotating Furnace. (Basset Process). (Usine Nouvelle, 1955, 
Oct., 13-17). Iron ore (5 to 10 mm), coal or coke fines, and 
pure limestone, in accurately calculated quantities, are heated 
together in a rotating furnace of the type used in the cement 
industry. Reduction is complete at 1100°C. At this temp- 
erature the slag is not molten but in an agglomerated state. 
Slag composition is approximately that of artificial Portland 
cement. Details are given of the method and raw materials, 
quality of the products, and actual and possible industrial 
applications.—T. E. D. 


PRODUCTION OF STEEL 

Proceedings of the All-Union Steel-Making Conference. 
D. A. Smolyarenko. (Stal’, 1955, (7), 652-653). [In Russian]. 
An account is given of a conference held at Zaporozh’e in 
March-April, 1955, at which modern steel-making practice 
in the U.S.S.R. was discussed and recommendations for future 
work made.—s. K. 

ye Since Bessemer. Sir Charles Goodeve. 
Steel Inst., 1956, 188, 113-118). [This issue]. 

Quality of Metallurgical Production in Southern Works. 
A. M. Robustov and G. A. Olesin. (Stal’, 1955, (7), 656—-65:8). 
{In Russian]. After a general comparison of the quality of 
iron and steel production in works in the Ukraine region with 
that in other localities, blast-furnace, steel-making and rolling- 
mill practice are considered.—s. k. 

The Economics of Four Steelmaking Processes. A. 
Dékanovsky. (Hutnické Listy, 1956, 11, (2), 65-76) In 
Czech]. Costs of steel production in large basic ope n-hearth 
furnaces melting low-phosphorus charges by the ore process, 
large open-hearth furnaces operating the Talbot process, in 
the converter using the oxygen lance, and by using the acid 
converter and the basic open-hearth tilting furnace in the 
duplex process are compared, The converter method, with 


Fastje (19-24). The 
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oxygen lancing, is shown to be cheapest.—P. F. 

Progress of Steel Making Process in Japan. S. Hachiya. 
(Tetsu to Hagane, 1955, ” July, 723-731). [In Japanese}. 
The rehabilitation of the Japanese industry since the war, 
marked by the commencement of importation of ore in 1948, 
and assistance from the U.S.A., is surveyed. Improvements 
have been made by using oil firing of open-hearth furnaces, 
instrumentation, and oxygen steelmaking. Low fuel con- 
sumption rates of 7 10° keal. per ton of steel have been 
achieved. The 1953 ingot production was 7-65 10° tons. 

A New Process for Melting Metals by Means of Solar Energy. 
F. Trombe and M. Foex. (Compt. Rend., 1955, 240, Jan. 10, 
196-198). The design of two furnaces using solar energy is 
briefly described. In an experiment in which more than 80 kg 
of iron was melted, the ingots produced were homogeneous. 
The introduction of carbon and the elimination of oxide were 
possible, in the latter case by the addition of aluminium or 
a suitably selected flux.—c. E. D. 

Monolithic Converter Linings. J. Davies. (Trans. Amer. 
Found. Soc., 1955, 68, 71-75). The practices used for grading, 
ramming, drying, and efits Mea a monolithic lining of ben- 
tonite and crushed quartz for a small side-blown converter 
are described. The lining has a considerably greater life than 
silica brick.—s. c. w. 

Continuous Temperature Measurement of the Bath Applied 
to Conducting the Refining Process in a Bessemer Converter. 
B. Trentini, P. Leroy, and M. Gombert. (Centenary Congress 
of the Société de V Industrie Minérale, June, 1955, Se. 3, 1-16). 
Principles and details are reported of the control of the 
refining process in a Bessemer converter based on the use of 
a recording optical pyrometer which is focused on the bath 
through a hole in the converter bottom. Various actual and 
theoretical temperature curves are discussed in relation to 
the chemical evolution of the melt and the dephosphorization 
of the metal.—r. c. 
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A New Contribution to the Manufacture of Basic Bessemer 
Steel with a Low Non-Metal Content. P. Leroy, B. Trentini, 
and E. Devernay. (Centenary Congress of the Société de 
UIndustrie Minérale, June, 1955, Se. 2, 1-30). Details and 
results are given of a comprehensive investigation of the major 
factors affecting the final composition of extra mild basic 
Bessemer steel with a low non-metal content. Specific 
suggestions based on this work include oxygen enrichment in 
two stages, chart-controlled blowing, oxidizing additives, 
accurate control of — temperatures, and double desulphur- 
ization in the ladle.—r. c. 

Industrial Results obtained with Bessemer Converters having 
Cylindrical Profiles, Melts of Low Depths and Large Diameter 
Bottoms. M. Gombert and J. de Hedouville. (Centenary 
Congress of the Société de V Industrie Minérale, June, 1955, 
Se. 1, 1-9). Results are reported of trials initiated by IRSID 
at three Lorraine steel plants with Bessemer converters 
showing various modifications in shape and size. Converters 
of cylindrical shape, with large diameter bottoms of high 
blowing capacity, are claimed to give rapid conversions and 
increased bottom life.—r. ¢ 

The Basic Bessemer Conversion Process. P. Coheur. (Rev. 
Univ. Min., 1955, 9th series, 11, Oct., 484-497). A variety 
of techniques for steel refining based on the original Bessemer 
converter which have been developed in the last 100 years are 
surveyed. The recent advances in basic Bessemer practice 
involving the use of oxygen and steam are reviewed: particular 
importance is paid to the manufacture of steels having good 
cold working properties. (61 references).—Bs. G. B. 

Hydrogen in Liquid Basic Bessemer Steels. A. Decker and 
R. Sevrén. (Rev. Univ. Min., 1955, 9th series, 11, Oct., 522- 
527). The average hydrogen content in steels in the converter 
after blowing with oxygen—water vapour is 9-5 cc/100 gms. 
After addition of a second slag and blowing with air the 
content is 3 to 5 ec/100 gms. At pouring the hydrogen content 
is of the order of 3 to 6 ce/100 gms.—k. G. B. 

Simultaneous Desulphurization and Deoxidation in the Basic 
Converter. F. Meunier_and C. Soisson. (Rev. Mét., 1955, 52, 
No. 8, 589-595). The authors recall briefly the fundamentals 
of their process for improving high grade killed steels in the 
basic converter. Experimental results have shown that 
desulphurization and deoxidation of steels by basic slags is 
due to simultaneous reactions controlled by the equilibrium 
reaction between sulphur and oxygen dissolved in the metal 
and between their ions in the slag. Desulphurization is more 
closely related to the activity of oxygen dissolved in the metal 
than to slag basicity.—c. E. D. 

** Hot on ia ~~ va Furnaces. 
Rostovshchikov, . Trebukhin, 8. A. Chervonnyi, N. A. 
Vecher, and I. * i cilementen (Stal’, 1955, (3), 278-281). 
[In Russian]. The system of O.H. furnace cooling in which 
the water is largely converted to steam is critically considered 
and compared with a system in which the water leaves the 
furnace mainly as hot water which is used e.g. for space- 
heating. The latter system is considered in detail and test 
results from an experimental installation are presented. These 
show that the system is cheap to instal, easy to maintain 
and does not affect furnace operation. The further possibilities 
of the method are discussed.—s. kK. 

Mixed Roofs for O.H. Furnaces. N. A. Ivin. (Stal’, 1955, 
(3), 224-226). [In Russian]. Trials are reported in which 
various combined arrangements of Dinas and chrome- 
magnesite bricks were used in O.H. furnace roofs with the 
object of economically preventing local wear. It was found 
that such mixed roofs enabled the stability of the roof to 
be increased by 35-40% and over with a comparatively small 
expenditure of chrome-magnesite bricks. For the particular 
furnace-conditions studied (at the Frunze Works) chrome- 
magnesite was best used in the form of inter-bedded panels 
700-900 mm wide along the back and front walls.—s. kK. 


Improvements in the Design of O.H. Furnaces. M. A. 
Chernenko. (Stal’, 1955, (3), 226-237). [In Russian]. This 
is a detailed review of the best O.H. practice in the U.S.S.R. 
and of recommended improvements. It is based on answers 
to questionnaires, information from research organizations, 
and previous planning experiences. The mean charge weight 
is given as about 180 t and the relation between rate of 
production and charge weight is plotted for American, 
German, and Soviet furnaces. 55°, of these furnaces worked 
on mixed gas, 29°, on oil, and 16°, on producer gas and 
combined fuel. A section is devoted to the principal dimen- 
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sions of the furnace working-gspace, with comparisons of Soviet 
and foreign practice. The great majority of Soviet furnaces 
have improved Venturi-type ports. Sections are devoted to 
slag-pockets, regenerators, valves, and stacks. Finally new 
types of steelmaking furnaces are briefly considered, and the 
importance of developing massive furnaces for working with 
oxygen is indicated.—s. k. 

Increasing the Stability of Tilting Open-Hearth Furnaces, 
V. V. Leporskii and V. A..Tyagus. (Stal’, 1955, (8), 704-70s). 
[In Russian]. An account is given of the investigation and 
reconstruction of those parts of tilting O.H. furnaces which 
had been found to wear out comparatively rapidly when 
working on pig iron containing 1-4-1°6°, P. With such irons 
roofs of high-density magnesite- -chromite brick were essential. 
The possibility of using a simplified front-wall construction 
on tilting furnaces was confirmed. A modification of support- 
ing-girder design for cooling with sea-water is proposed. 
Further research on these furnaces is urged, particularly on 
methods of removing slag from slag-traps during operation, 

Practical Problems in the Oxygen Steel Melting Process. 
O. Cuscoleca and K. Résner. (Centenary Congress of the Société 
de V' Industrie Minérale, June, 1955, Se. 6, 1-15). A detailed 
description is given of principles and practice of this process 
of steel refining, based on blowing a converter with pure 
oxygen. Chemical problems are discussed and attention is 
given to details of converter design and maintenance. The 
process creates considerable smoke and dust problems and 
trials with various types of dust extractors and precipitators 
are reported.—r. ¢ 

Characteristics and Production Data of Large Present-Day 
Bessemer Converters. G. Decamps. (Cente nary Congress of 
the Société de V Industrie Minérale, June, 1955, Se. 5, 1-5). A 
summary account is given of data, products, and operational 
experience obtained in Lorraine with three large Bessemer 
converters of new design, as developed by IRSID. Great 
satisfaction is expressed in respect of quality of products, 
performance of the converters and reduction in operating 
costs.—E. C. 

Oxygen Converter Process. G. B. McMeans. (Reg. Tech. 
Meet. Amer. Iron Steel Inst., 1955, 163-169). The author 
describes the “ L-D”’ oxygen steelmaking process, and 
discusses its economic advantages. The quality of the steel 
produced is also considere G. F. 

LD-Process of Steelmaking with Oxygen Jet. H. Trenkler 
and H. F. Hauttmann. (Metal Progress, 1956, 69, Jan., 
49-56). A description of this process is given together with 
details of the satisfactory results obtained at Linz in Austria. 
Oxygen of 98°, purity is blown vertically downward by a 
water-cooled nozzle on a bath of hot metal. The process has 
a high thermal efficiency (70-75°,). The manufacturing cost 
of LD steel is 55°, that of open hearth steel. Over 1,000,000 
tons of rimming and fully killed steel, mostly for wire drawing, 
deep drawing sheets and thin plates have been produced at 
Linz.—B. G. B. 

Excessive Oxidation of Iron in the Bessemer Converter: 
Causes and Methods of Avoiding It. P. Krynicky. (Bol. Assoc. 
Brasil Met., 1955, 11, July, 349-366). [In Portuguese]. 
Figures quoted for the 10-ton acid converter production at 
the Usina Acesita in 1952 show melting losses above the 
customary average. The author investigated this problem by 
making a series of controlled trials and reports on these, 
giving full data, in conjunction with a description of the 
physical chemistry of the process. It is recommended that 
the mixer should be run at 1335-1345° C, that production 
be organized to be as continuous as possible, and that scrap, 
if required, be added in the second period in order to reduce 
oxidation losses. (13 references).—P. s. 

Use of Oxygen for Acceleration of Refining in Steelmaking. 
H. Kosmider. (Stahl u. Eisen, 1955, '75, Nov. 3, 1433-1439). 
The author deals with the oxygen requirement for oxidation 
and with the heat evolved in these processes. He refers to 
the blowing time and rapidity of conversion in relation to 
oxygen supply and oxygen concentration in the air blast. 
Rate of decarburization, reduction of refining time, and the 
effects of additives are discussed.—a. Cc. 

Operation of Basic-Bessemer Converters. (Found. Trade J., 
1955, 99, Dec. 29, 775-776). A summary is given of recent 
French work on the factors which contribute to uniformity 
of composition of metal produced in the basic-Bessmer con- 
verter. It is concluded that providing uniform charges of 
metal, lime, and ore are used, the process may be closely 





OCTOBER. 1956 





controlle 
the bath 
passed tl 
Contril 
Influence 
Gombert 
(12), 238 
temperat 
content | 
moment 
phorizati 
added an 
down we 
discussed 
Charac 
Dephospl 
Inform. ' 
which th 
dephosph 
ganese c¢ 
slag. Pre 
Flame 
(Centenar 
June, 19 
develop 
Union in 
and heat 
cal, mod 
divided 1 
of heat e 
p! ocesses 
for imprc 
Russian 
A Stud 
Using Re 
G. Coher 
Industri 
report is 
of model 
furnaces § 
investiga 
of lower ¢ 
The Te 
tenary Co 
1955, Sd. 
construct 
furnace. 
Present 
Novo-Tag 
1955, (5), 
Novo-Tag 
about 70 
furnace a 
describes 
the worki 
bustion p 
of valve 
also consi 
device mc 
Efforts 
Furnace § 
(5), 425-4 
investigat 
formation 
cireulatin; 
of the wi 
continuat! 
adoption | 
and prod 
acidificati 
eliminatec 
respective 
Construi 
Martin Fu 
Nov. 3, 1 
Maerz fur 
and the 
discussed. 
Advants 
Carbon Ir 
R. Boutig 


OCTOBER 


Soviet 
rnaces 
ted to 
y new 
id the 
x with 


naces, 
~708), 
n and 
which 
when 
| irons 
ntial. 
1etion 
port- 
osed. 
ly on 
ation. 
ocess, 
foci té 
tailed 
rocess 
pure 
ion is 

The 
; and 
ators 





Day 
oss of 
). A 
ional 
emer 
xreat 
ucts, 
ating 


Tech. 
ithor 

and 
steel 


akler 
Jan., 
with 
tria. 
Va 
- has 
cost 
000 
ring, 
d at 


rter: 
SSOC, 
ese]. 
n at 

the 
1 by 
ese, 

the 
chat 
tion 
rap, 
luce 


ing. 
39). 
pion 
3 to 
| to 
ast. 
the 


J., 
ent 
ity 
on- 


ely 





ABSTRACTS 219 


controlled by continuously measuring the volume of the blast, 
the bath temperature and — of oxygen which has 
passed through the bath.- Cc. W. 

Contribution to the Study ‘ot Factors in Steelmaking which 
Influence Results Furnished by the Galey Opacimeter. M. 
Gombert. (Centre Doc. Sidér., Circ. Inform. Tech., 1955, 12, 
(12), 2389-2402). With a view to studying the influence of 
temperature and quantity of lime added on the phosphorus 
content of the metal and iron content of the slag at the 
moment of maximum opacity of the fumes during dephos- 
phorization in the converter, 31 blows were followed. Lime 
added and the temperature at which the converter was burned 
down were varied systematically. Results are given and 
discussed.—T. E. D. . 

Characteristics of the Temperature Curves at the End of 
9 cong soc agar? B. Trentini. (Centre Doc. Sidér., Cire. 
Inform. Techn., 1955, 12, (12), 2379-2387). The manner in 
which the temperature roe off in a converter at the end of 
dephosphorization is correlated with phosphorus and man- 
ganese contents of the metal and iron oxide content of the 
slag. Practical applications of this knowledge are suggested. 

Flame Studies in Open Hearth Furnaces. M. A. Glinkov. 
(Centenary Congress of the Société de VIndustrie Minérale, 
June, 1955, Sd. 6, 1-28). A detailed survey reviews the 
development and present state of knowledge in the ‘Soviet 
Union in the field of research into gas flow, flame properties, 
and heat transfer in open hearth furnaces. Covering theoreti- 
cal, model, and full-scale investigations the survey is sub- 
divided under the headings: methods of research, principles 
of heat exchange in the fusion zone, aerodynamics of flames, 
processes of combustion in flame jets, flame radiation, trends 
for improving open hearth furnace burners. (21 references to 
Russian literature).—E. C. 

A Study of the Flow of Gases in Open Hearth Furnaces, 
Using Reduced-Scale Models. F. Husson, R. Durand, and 
G. Cohen de Lara. (Centenary Congress of the Société de 
l'Industrie Minérale, June, 1955, Sd. 5, 1-24). <A detailed 
report is made on the first portion of a comprehensive series 
of model studies of gas flow in conventional open hearth 
furnaces and also in a Terni type of furnace. The work follows 
investigations carried out by B.I.8.R.A. in Britain, but gases 
of lower calorific value are used.—r. 

The Terni-Type Open Hearth Furnace. A. Rossin. (Cen- 
tenary Congress of the Société de V Industrie Minerale, June, 
1955, Sd. 4, 1-11). An account is given of the principles, 
construction, and performance of the Terni type open hearth 
furnace. Operating data and economics are discussed.—r. C. 

Present State of Open-Hearth Furnace Automation at The 
Novo-Tagil’ Metallurgical Works. I. N. Mikhailov. (Stal’, 
1955, (5), 417-425). [In Russian]. The O.H. furnaces at 
Novo-Tagil’ work the ore-scrap process with the addition of 
about 70°, of liquid pig-iron, the fuel being mixed blast- 
furnace and coke-oven gas and coal tar. The present article 
describes the automatic control of combustion, of pressure in 
the working space of the furnace, of the distribution of com- 
bustion products between the air- and gas-regenerators and 
of valve operation. Furnace instrumentation in general is 
also considered, the need for a roof-temperature measuring 
device more reliable than optical pyrometers being indicated. 

Efforts to Prevent the Formation of Hot Spots on 0.H. 
Furnace Supporting Girders. S. I. Moiseevich. (Séal’, 1955, 
(5), 425-431). [In Russian]. An account is given of the 
investigation of a sharp increase in one shop of hot-spot 
formation in O.H. furnace supporting girders cooled with 
circulating water. Among the measures taken were: increase 
of the water-flow by improved piping and pumping: dis- 
continuation of girder repairs by welding during service; 
adoption of a new, double-chamber girder; use of better steel 
and production methods for working the girders; slight 
acidification of the cooling water. Hot-spots were virtually 
eliminated, but information is not yet sufficient to judge the 
respective efficacies of these measures.—s. K. 

Construction and Equipment of Modern Fixed Siemens- 
Martin Furnaces. H.-F. Strahuber. (Stahl u. Eisen, 1955, 75, 
Nov. 3, 1439-1445). Particulars are given of the 150-ton 
Maerz furnace. Control and instrumentation are described, 
and the deliberate avoidance of complete automation is 
discussed.—a. C. 

Advantages of Feeding Open Hearth Furnaces with a Low- 
Carbon Iron Produced from Scrap in a Hot-Blast Cupola. 
R. Boutigny and C. Barbazanges. (Centenary Congress of the 
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Société de UV Industrie Minérale, June, 1955, Sd. 10, pp. 1-21). 
A detailed account is given of the principle, development, 
and practice of a process now in production in Germany. 
100°, Serap is used with a coke consumption of 20°, (by 
weight). The scrap is melted in a cupola with water-cooled 
shaft, neutral lining, and working with a basic slag. Together 
with the use of pre-heated air this is claimed to give adequate 
desulphurization, a sufficiently high temperature of the melt, 
and continuous economical production.—e. c. 

The Development of the Open Hearth Furnace. F. Bartu. 
(Centenary Congress of the Société de V Industrie Minérale, June, 
1955, Sd. 2, 1-19). Principles of construction and operation 
of open hearth furnaces are discussed in the light of present 
European and American practices. Economics are considered 
in relation to changes in technique and developments in 
refractories, but purely metallurgical aspects are not discussed. 

Performance Problems with Siemens-Martin Furnaces 
Treating Pig Iron and Scrap. W. Schmitt. (Stahl u. Eisen, 
1955, 75, Dec. 1, 1627-1640). The important influences on 
performance are examined. These are given as charge capacity, 
hearth capacity, scrap condition, charging method, pig iron 
charge, previous charge, and heat intensity. The effects of 
the carbon contents of input and output, the quality of steel, 
the refining speed and method, the hearth capacity, and the 
rise in bath temperature are discussed.—a. ¢ 

The Present State of the Treatment and Utilization of Steel 
Shavings. E. M. Guzev. (Stal’, 1955, (7), 639-645). [In 
Russian]. Present Soviet practice in the treatment and 
utilization of steel turnings, trimmings, and similar waste 
products of shaping processes is critically reviewed. After 
an outline of shortcomings in this field, the granulation of the 
material is considered, the performances of various types of 
installation being compared. Methods of sintering and baling 
are discussed, including cold-pressing and hot-pressing with 
the charge heated by the passage through it of an electric 
current. Other aspects considered are furnaces for heating 
and removal of impurities and the remelting of alloy steel 
shavings.—S. K. 

Loss of Iron in the Slag in the Open-Hearth Process. F. 
Cechura. (Hutnické Listy, 1956, 11, (2), 86-91). [In Czech}. 
Iron losses are shown to be least if lime is charged between 
two layers of ore, and greatest if the bottom layer of ore is 
omitted. The effects of preheating the charge before admitting 
the liquid iron were studied. The time of preheating which 
just leads to a rising of the iron content in the primary slag 
is best, resulting in the optimum utilization of the manganese 
in the charge and to more complete dephosphorization. More 
intense preheating results in increasing iron losses.—P. F. 

Hydrosen in Molten Steel. II. S. Sawa. (Tetsu to Hagane, 
1955, 41, Nov., 1166-1172). {In Japanese]. Experiments on 
the rate of H, evolution from steel melted in a high-frequency 
induction furnace are reported. The H content in the steel 
was decreased when a slag layer was present, and removal of 
this, with exposure to the atmosphere, caused a rapid decrease. 
A relationship established by Carney et al. between [H] in 
the steel and PH,0 in the atmosphere was considered inapplic- 
able, due to a different value for Pg,o in the surface layers 
of the steel. Basic slag allowed H,O to pass more readily 
than others. Small Ti additions pre vented H, from es ‘aping 
from steel on or after solidification.—k. F. J. : 





Activity of Oxygen in Liquid Iron. V. V. Averin, A. Yu. 
Polyakov, and A. M. Samarin. (Izvest. Akad. Nauk SSSR, 
Otdelenie Tekn. Nauk, 1955, (3), 90-107). [In Russian]. The 


temperature dependence of the equilibrium constant of the 
reaction between liquid iron and a steam-—hydrogen mixture, 
was experimentally determined. It was established that the 
activity coefficient of oxygen in liquid iron depends on tem- 
perature and on the oxidation potential of the gaseous phase. 
The lack of proportionality between the oxygen concentration 
in the metal and its activity in the gaseous phase indicates 
that with increasing oxygen potential of the gaseous phase 
the valency of iron increases forming an oxide soluble in the 
metal.—v. G. 

The Influence of Phosphorus on the Oxygen Solubility in 
Molten Iron-Chromium and Iron-Nickel ey N:P. 
Leventsev and A. M. Samarin. (Jzvest. Akad. Nauk SSSR, 
Otdelenie Tekn. Nauk, 1955, (5), 133-138). [In Russian]. The 
influence of chromium and nickel on oxygen activity in “metal 
was investigated. It was found that an increase in the 
phosphorus content in iron-chromium melts increases oxygen 
solubility. Temperature has an insignificant effect on oxygen 
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solubility in iron—chromium—phosphorus melts, and oxidation 
of phosphorus takes place together with oxidation of chro- 
mium. Oxygen solubility in iron-nickel melts increases with 
increasing phosphorus concentration. The presence of about 
1% of nickel in iron containing up to 0-7% of phosphorus 
decreases the solubility of oxygen. Oxidation of phosphorus 
and nickel in iron—-nickel-phosphorus melts leads to the 
formation of iron and nickel phosphates in nickel oxide.—-v. G. 

Production of Electric Steel by a Duplex Process. F. P. 
Edneral. (Stal’, 1955, (5), 439-440). [In Russian]. Recent 
technical developments, possibly advantageous for the pro- 
duction of steel in electric furnaces from a semi-steel produced 
in converters or O.H. furnaces are discussed. The use of 
converters blown with oxygenated air is considered the best 
solution. A suggested plant lay-out with two 40-ton and three 
60-ton furnaces has a converter shop with a mixer and three 
20-ton converters (one in use, one in reserve, one under repair) 
feeding liquid and meta] to the three larger furnaces; the 
smaller furnaces work with solid charges. The operation of 
this plant under various conditions is briefly considered.—s. kK. 

Prerefining Very High Silicon Iron with Pure Oxygen in the 
Ladle. P. Leroy and D. Menendez. (Publ. Inst. Rech. Sid., 
Series A, 1955, Nov., (118), pp. 25). Prerefining tests, in which 
oxygen at a pressure of 10 to 15 kg/cm? was blown at the 
surface of the iron in the presence of a suitable slag were 
performed on a very high silicon iron (2 to 3% Si) at La 
Felguera works in Spain. Detailed results on the lowering 
of the silicon, manganese, and carbon contents, elevation of 
temperature, and the oxygen balance are quoted.—t. E. D. 

Desulphurization of Steel by Soda Ash Treatment. N. J. 
Wadia, V. G. Paranjpe, and S. Visvanathan. (Tisco, 1956, 3, 
Jan., 1-4). The results of experiments on the desulphurization 
of melts of low-carbon steel and high-silicon steel with soda 
ash, and the effects of varying degrees of deoxidation are 
presented and discussed in relation to earlier work. It was 
found that the desulphurizing action of soda ash is increased 
by prior deoxidation and that the efficiency is very low when 
compared with that obtained in the treatment of blast-furnace 
iron. The results also show that the oxygen potential obtained 
during treatment influences the extent of desulphurization. 
(11 references).—L. E. W. 

10-12 Ton Demag-AEG Electric Furnace at Barcelona. R. 
Oliva. (Acero Energ., 1955, 12, Nov.-Dec., 47-50). [In 
Spanish]. The installation of this furnace at the Material 
and Constructions Ltd. plant is described. The furnace is 
3-8 metres dia., basket-charged, and fitted with 350 mm dia. 
electrodes. The power sources is a 4,000 kVA transformer and 
the Leonard-Tinill control system is used.—P. s. 

Methods of Calculating Steel-Melting Arc Furnaces. Ya. M. 
Bokshitskii. (Stal’, 1955, (7), 646-647). [In Russian]. Some 
recent views on the design and rating of steel-making arc 
furnaces are critically reviewed.—-s. kK. 

Use of Graphite Electrodes in Electric Arc Furnaces. G. Moll. 
(Stahl u. Eisen, 1955, 75, Nov. 3, 1445-1452). The significance 
of graphite electrodes in the development of electric steel 
production is indicated. Properties are reviewed, and practical 
considerations in use are discussed at length. Graphite, 
carbon, and Séderberg electrodes are compared.—a. c. 

Automatic Regulation of Arc-Furnace Cooling. P. F. 
Sabaneev. (Stal’, 1955, (7), 612-616). [In Russian]. Observa- 
tions on the water-cooling of steel-melting arc furnaces are 
presented and discussed. An automatic system of water-flow 
control was developed which reduced water consumption at 
the furnace by 50-55%, the total saving being raised to 
60-65°, by dispensing with unnecessary cooling. The regu- 
lator normally works without maintenance for 1-1-5 years. 

On the Binderless Dolomite Furnace Building of Basic 
Electric Arc Furnace. H. Odazima and Y. Kawamoto. 
(Sumitomo Metals, 1955, 7, July, 167-174). [In Japanese]. 
A review is made of the method of building basic electric 
furnaces with hearth and walls of rammed dead-burnt dolo- 
mite, no binder being used. It is concluded that the rigid 
construction can lead to higher refining temperature and 
improved steel quality; that hearths last almost indefinitely, 
and that substantial cost reductions per ton of steel can be 
achieved.—k. E. J. 

The Influence of Blowing With Carbon Monoxide on the 
Quality of Steel Produced in Electric Furnaces. A. V. Vishnya- 
kov and A. M. Samarin. (Jzvest. Akad. Nauk S.S.S.R., 
Otdelenie Tekn. Nauk, 1954, (3), 102-109). [Jn Russian]. 
The possibility of purification of liquid steel from hydrogen 
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and nitrogen by blowing with carbon monoxide was investi- 
gated. It was established that such a treatment of liquid steel 
in an are furnace under a deoxidizing slag considerably 
decreases its nitrogen and hydrogen contents and speeds up 
the desulphurization and diffusion deoxidation processes. A 
considerable saving in ore, fluxes, and power used can he 
achieved.—v. a. 

Electrical Steels. P. H. Estes. (Canad. Min. Met. Bull.. 
1956, 49, Feb., 82-86). There has been a change in the types 
of lamination materials used. Ten years ago hot-rolled sheet 
(0-25 to 4-5% Si) was used almost exclusively. Now this 
material represents only 40° of the purchased tonnage, 20)’, 
being cold-reduced silicon strip (non-orientated), 20° being 
orientated strip, and 20% being common iron. The charac- 
teristics of the materials are examined, and the relative 
advantages from the application standpoint are discussed 

The Zone Melting Method and Its Application. R. Graf. 
(Métauxz Corrosion—Indust., 1955, 30, Dec., 463-475). \ 
review of the principles of this technique and its limitatious 
is presented. A brief mention is made of the purification of 
iron to obtain a material having very soft magnetic propertics. 

An Investigation of Properties of Individual Components of 
Molten Slag Using Electromotive Force Measurements. 0. .. 
Esin and B. M. Lipinskikh. (Izvest. Akad. Nauk S.S.S.?’., 
Otdelenie Tekn. Nauk, 1954, (2), 60-66). [In Russian]. E.m.f. 
of concentration cells (without transfer) made of slags con- 
taining various concentrations of CaO, MgO, Al,O, and Si, 
at 1470° C were measured. On the basis of the results obtained, 
activities of (CaO MgO), Al,O, and SiO, were calculated, 
as well as measurements of changes of isobar potential of 
individual components on dilution were carried out. Ampho- 
teric character of alumina was demonstrated and the presence 
in the liquid slag of anions of compounds Ca,SiO,, CaSiO,, 
Ca;Al,0,, and Ca,Al,SiO, was confirmed. On an example 
of the determination of silica content, the possibility of using 
the above method for the control of the composition of liquid 
slag in steel making furnaces was shown.—v. G. 

The Limits of Dephosphorisation of Iron by Lime. 4. 
Trémel and W. Oelsen. (Arch. EHisenhiittenwesen, 1955, 26, 
Sept., 497-506). The authors discuss the equilibrium diagram 
for iron, phosphorus, oxygen and lime, and the experimental 
technique for its determination. The effect of slag on phos- 
phorus-content is examined, and the influence of temperature 
is indicated.—a. G. 

Reactions between Iron-Manganese Melts and Molten 
Aluminates. W. Oelsen and G. Heynert. (Arch. Eisenhiitten- 
wesen, 1955, 26, Oct., 567-575). The authors review unsolved 
problems of the manganese reaction in slightly diluted slag. 
Experimental results are given for the reaction of liquid iron 
with iron—manganese oxides in an alumina crucible. The 
equilibrium of the liquid iron with very small manganese 
content is discussed, and the combination of inclusions in the 
case of small manganese content is compared with the 
combination occurring in slag. Saturation limits for alumina 
and aluminates in the slag are indicated. Melting points of 
the aluminates and the equilibrium diagram are given. The 
determination of the equilibria in the system iron—manganese- 
aluminium-—oxygen is discussed.—a. c. 

Investigations of the Iron—-Iron Oxide-Lime System. 4G. 
Trémel, W. Jager, and E. Schiirmann. (Arch. HLisenhiitten- 
wesen, 1955, 26, Nov., 687-700). The authors describe micro- 
scopical and X-ray examinations at room temperature, and 
radiographic observations of reactions at about 1200° under 
argon and oxygen, or under vacuum. The mixture of iron 
oxide and lime was melted in an iron crucible, and crystalliza- 
tion observed. The results of the various investigations are 
comprehensively discussed.—a. c. 

Comments on the Shape of Ingots. Square Ingots from 
Electric Steelworks and Flat Ingots from Open-Hearth Steel- 
works. J. Duflot. (Centre Doc. Sidér., Cire. Inform. Techn., 
1956, 18, No. 3, 569-603). The shape of ingots is discussed and 
casting practice in France is compared with that in other 
countries. Details of performance with different shape moulds, 
various feeder heads, hot-tops etc., and bottom poured moulds 
are surveyed. The effect of the relation between ingot weight 
and mould weight is also mentioned.—t. E. D. 

An Investigation of the Limiting Stages in the Desulphuriza- 
tion of Molten Iron with Slag. 0. A. Esin and V. N. Shikhov. 
(Izvest. Akad. Nauk, SSSR, Otdelenie Tekn. Nauk, 1955, (2), 
105-112). [In Russian]. Kinetics of the desulphurisation 
process of iron with acid, neutral, and basic slags of the 


OCTOBER, 1956 





CaO- 
trati 
using 
of de 
surfa 
incre 
of d 
while 
creas 
react 
an a 
that 
meta 
in sl 
itself 
So. 
(I: ve 
113- 
slags 
the t 
activ 
sider: 
heat 
type, 
analy 
assun 
expel 
soluti 
Bo} 
of th 
fIn F 
caviti 
varia 
preve 
filling 
same 
as an 
non-n 
with 
En 
Ss. F 
The 
moulk 
amou 
eleme 
An e 
views 
On 
and k 
{In Jé 
in 45( 
betwe 
invest 
satisfé 
Out 
The 5 
many 
Nev 
Sheph 
use of 
of ste 
or ran 
a soli 
from | 
Ele 
Nicho 
The t 
betwe 
maint: 
the bo 


The 
Struct 
Otdelei 
Facto 
tion i 
steel a 

Hot 
A des¢ 
able i 
lurgice 


ocT¢ 


vesti- 
1 steel 
rably 
ds up 
ss. A 


an be 


Buil., 
types 
sheet 
y this 
20%, 
being 
arac- 
lative 
ed 

Graf. 
\ 
itions 
on of 
ties. 
its of 
Oo. A. 
5. h., 
.m.f, 
cone 
SiO, 
ined, 
ated, 
al of 
pho- 
sence 
SiO;, 
mple 
ising. 
iquid 


G. 
, 26, 
yram 
ental 
yhos- 
ature 


olten 
itten- 
ved 
slag. 
iron 
The 
nese 
1 the 
the 
mina 
ts of 
The 


lese—- 


G. 
tten- 
icro- 

and 
nder 
iron 
liza- 
; are 


irom 
teel- 
ohn., 

and 
ther 
alds, 
lds 
‘ight 


riza- 
hov. 
(2), 
tion 
the 


956 





ABSTRACTS 221 


CaO-SiO,-Al,0,-MgO system at various sulphur concen- 
trations (from 0-005 to 0-1%) in the metal were investigated 
using radioactive sulphur. It was found that the velocity 
of desulphurisation is directly proportional to the boundary 
surface between iron and slag. A comparatively small 
increase in temperature (60-100° C) increases the velocity 
of desulphurisation with basic slag by a factor of 1-5-2 
while the transfer of sulphur to acid slag is considerably in- 
creased (10 times or more). The order of desulphurisation 
reaction with basic slag was found to be unity and that with 
an acid slag—0-75. Analysis of the data obtained indicated 
that the factor limiting the velocity of desulphurisation of 
metal by a basic slag is the coefficient of diffusion of sulphur 
in slag phase, and by an acid slag the chemical reaction 
itself.—v. G. 

Some Problems of the Theory of Slags. I. S. Kulikov. 
(Izvest. Akad. Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (2), 

13-121). [In Russian]. Deficiences of the ionic theory of 
slags are discussed. It is pointed out that the purpose of 
the theory of real solutions when mathematically calculating 
activities of effective concentrations is to take into con- 
sideration a number of physico-chemical phenomena like 
heat of mixing, formation of chemical bonds of the covalent 
type, polymerisation, etc. An attempted thermodynamic 
analysis of the FeO-SiO, system is given. Despite many 
assumptions, a good agreement between calculated and 
experimental data (like activities of FeO partial heat of 
solution of FeO in the FeO-SiO, system) was obtained. 

Bottom Pouring without Solidification during the Filling 
of the Head. N. I. Shutkin. (Stal’, 1955, (7), 607-611). 
[In Russian]. The reasons for the penetration of shrinkage 
cavities into the body of steel ingots are discussed and a new 
variant of bottom pouring is described by which this is 
prevented. In this the solidification of the metal during the 
filling of the head is prevented. The new procedure has the 
same effect on the position of shrinkage cavities in the heads 
as an increase of head volume, it decreases contamination by 
non-metallic inclusions and facilitates the detection of ingots 
with normal distribution of shrinkage cavities.—s. kK. 

Energetical Theory of Crack-Formation in Cast-Iron Moulds. 
8S. F. Fomin. (Stal’, 1955, (8), 743-747). [In Russian]. 
The author develops a theory of the cracking of cast-iron 
moulds attributed to the storage in the metal of excessive 
amounts of potential energy. The influence of various 
elements and other factors on energy-storage is discussed. 
An editorial note indicates the need for verification of the 
views advanced.—s. k. 

On the Making of Small Rimming Steel Ingot. I. S. Yama 
and K. Nagami. (Sumitomo Metals, 1955, 7, July, 175-185). 
[In Japanese]. Rimming steel was experimentally produced 
in 450 kg ingots, for cold-drawn bar, ete. The relationships 
between teeming rate and temp. and skin thickness were 
investigated. The properties of the rolled products were 
satisfactory.—kK. E. J. 

Out Goes Hydrogen. (Steel, 1955, 187, Nov. 14, 120-123). 
The position of vacuum degassing of tonnage steel in Ger- 
many, and its introduction into the U.S. are discussed. 

New Hot Tops Save Metal, Make Sounder Ingots. H. D. 
Shephard. (Iron Age, 1955, 176, Nov. 24, 79-82). The 
use of *‘ Foseco Feedex ’’ exothermic hot tops for a variety 
of steels in 4~204 inch square moulds is described. Pressed 
or rammed to shape, the exothermic material burns to form 
a solid insulating refractory at 3500° F. Metal loss is cut 
from 12-16% to 4-8%.—p. L. c. P. 

Electricity Now Being Employed for Hot-Topping. F. 
Nicholson. (Blast Furn. Steel Plant, 1956, 44, Jan., 75-78). 
The technique described involves the striking of an are 
between a movable electrode and the top of the ingot to 
maintain the top temperature in order to cool the ingot from 
the bottom and inwards from the sides.—B. G. B. 

The Influence of the Temperature of Liquid Steel On Ingot 
Structure. A. P. Pronov. (Jzvest. Akad. Nauk SSSR, 
Otdelenie Tekn. Nauk, 1955, (4), 58-62). [In Russian]. 
Factors affecting the structure of ingots during their solidifica- 
tion in ingot moulds and in particular the temperature of 
steel are discussed.—v. G. 

Hot Tops. (Brit. Steelmaker, 1955, 21, Dec., 404-405). 
A description is given of the “ C. & D.” hot-top made avail- 
able in Britain by the London and Scandinavian Metal- 
lurgical Co. Ltd. Its main features are that it is re-usable, 
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adjustable in the mould to give varying ingot lengths, and 
fully floating to minimise hanger cracks.—c. F. 

Study of Basic Bessemer Rimming Steel Ingots. A. Delsa, 
M. Nepper, F. Classen and J. Nils. (Rev. Univ. Min., 1955, 
9th series, 11, Oct., 498-521). The results of investigations 
into soundness of this type of steel ingot are reported. 
Factors affecting the oxygen content are examined and the 
effect of anthracite, manganese, and aluminium additions to 
the metal have been studied. Liquid and solid ferro- 
manganese and calcium silicide additions have also been 
studied and the results examined statistically. The product 

of % C x % O is shown to be of great importance as mea- 
sured in the middle and at the top of the ingot.—s. G. B. 


PRODUCTION OF FERRO-ALLOYS 


The Viscosity of Primary and Final Slags During Smelting 
Ferroalloys in a Blast Furnace. N. L. Zhilo and L. M. Tsylev. 
(Izvest. Akad. Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (10), 
90-106). [In Russian.] Results of a study of the viscosity 
of primary and final slags during the production of ferro- 
manganese, ferro-silicon and silicon manganese are described 
Samples of primary slags were taken mainly from the peri- 
pheral zone of middle and bottom level of the stack, from the 
bosh and from the tuyere level. On the basis of result 
obtained, optimum compositions of slags from the point of 
view of their melting point and viscosity were established. 

Study of a Alloys in the Neighbourhood of 


Equiatomic Composition. .Pomey. (Publ. Inst. Rech. Sid., 
Series A, 1955, Nov., na) 165 pp.). Choice of materials 
and preparation of one series of 8 alloys, covering a wide 


range of compositions, and another series of 7 alloys, with 
compositions in the equiatomic region, are described. The 
properties of the alloys in the a solid solution phase are 
examined, with a study of the order—disorder transformation 
in the equiatomic composition region. Finally the a = o@ 
transformation is studied by a number of methods. Many 
photographs are shown. (61 references).—r. EF. D. 

Properties of Some Tungsten and Titanium Steels Contain- 
ing Boron. A. Bannerjee, D. K. Sood and P. Me “yee ( Tisco, 
1956, 8, April, 53-62). Boron steels containing 1-4—1-6% W 
exhibit high-strength properties similar to sciveds num 
boron steels. The amount of tungsten required to obtain an 
equivalent increase in strength is more than twice the amount 
of molybdenum needed. The titanium—boron steels show 
no strength increase at the conventional normalizing tem- 
perature owing probably to the stability of titanium carbide. 
By normalizing at 1100° C, however, an increase in strength 
is obtained for the titanium—boron steel with 0-38 Ti. 
A gradual decrease in the yield/tensile ratio occurs in a boron 
steel with over 0-6% Mo. Precipitation hardening occurs 
in molybdenum-boron steels after suitable solution treat- 
ments. Reeve weldability tests showed that the experi- 
mental boron steels containing tungsten and titanium were 
comparable to ue in their weld-cracking resistance. 
(25 references).—L. E. 

Transformer Steel Alloyed with Aluminium. N. F. Dubrov, 
V. A. Selivanova and T. S. Konovalova. (Stal’, 1955, (4), 
347-350). [In Russian]. The steel which is used in the 
form of 0-5 mm thick sheet was produced in are furnaces, 
the aluminium being added after the renewal of the oxidizing 
slag. Specimens with aluminium contents of U-02-0-14% 
were subjected to magnetic and bending tests and to grain 
size determinations. The addition of aluminium was found 
to increase the ferrite grain-size and decrease core losses, 
0-08-0:12% being the optimal content for 0-5 mm sheet. 
The scheme of aluminium alloying recommended has been 
successfully adopted in works practice.—s. kK. 

The Production of Ferromanganese using Chiatursk Car- 
bonate Manganese Ores. A. Yu. Arsenishvilil, 8. G. Boiko, 
M. A. Kekelidze, V. V. Perova, B. F. Filonenko and A. N. 
Tsaritsyn. (Izvest. Akad. Nauk SSSR, O.T.N. 1955, 
11, 5-12). [In Russian]. A short description of Chiatursk 
carbonate manganese ores is given. Experimental produc- 
tion of ferromanganese from burdens containing them is 
described. The results obtained indicated that the ore has 
a beneficial influence on furnace operation and can be used 
successfully for the production of ferromanganese.—v. G. 

New Carburizing Steels for Critical Gearing. I. S. Archer, 
V. A. Crosby, and G. A. Timmons. (Jron Age, 1956, 177, 
Feb. 9, 92-95; Feb. 23, 96-100). An account is given of a 
new series of carburizing steels with molybdenum as chief 
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alloying element. They can be quenched directly from 
carburizing; retained austenite is not a problem. They 
combine high case hardness with optimum wear resistance 
and are showing benefits in the production line and in gear 
performance tests.—D. L. C. P. 


FOUNDRY PRACTICE 


Progress of Iron and Steel Casting Industry in Japan. 
H. Tanimura. (Tetzu to Hagane, 1955, 41, July, 770-776). 
[In Japanese]. Progress since 1946 has largely depended on 
pre-war and wartime research work, which is surveyed. 
(43 references).—k. E. J. 

Foundry Problems and Principles. G. J. Rogers. (Found. 
Trade J., 1955, 98, May 19, 531-539). A series of practical 
foundry problems, mainly connected with non-ferrous alloys, 
are illustrated and discussed to bring out the important basic 
principles of foundry work.—s. c. w. 

The Particular Properties of the Cast Metals Used in the 
Automobile Industry. Ferrous Metals. G. JIungmann. 
(Fonderie, 1955, July, 4595-4599). Cast metals used in the 
automobile industry must be capable of withstanding static 
loads, impact loading and frictional wear. Under these three 
headings the requirements imposed on the various parts of an 
automobile are reviewed together with the metallurgical 
solutions which have been adopted in each case.—B. C. w. 

Metallurgical Study of Grey Iron Castings. G. Cola. 
(Fonderia Ital., 1955, 4, Sept., 425-452). [In Italian]. 
After a general review of the structural properties of cast 
iron, the author makes a close study of all the factors which 
influence quality and discusses the best means of ensuring 
that castings come up to standard. Results of comparative 
tests between Italian and Swedish specimens are given and 
the relation between the casting and the standard bar pro- 
perties is studied. Numerous microphotographs and tables 
are given. (51 references).—w. D. J. B. 

Metallurgical Testing of Grey Iron Castings. G. Cola. 
(Ing. Mecc., 1955, 4, Sept., 17-48). [In Italian]. In this 
paper the author discusses cast iron structure with particular 
reference to the kinetics of solidification. The mechanical 
properties of different samples are considered. These are 
examined by the classical methods and by fatigue tests, 
impact, thermal treatment, wear, corrosion tests, X-rays, 
ultrasonics, etc. Researches carried out by a commission 
of Italian foundries are described and comparative tests 
between Italian and Swedish specimens and the relations 
between casting and standard bar properties are discussed. 
Numerous diagrams and microphotographs are given. (51 
references).—M. D. J. B. 

Activity Sampling—Two Case Studies. A. W. Syme. 
(Metalworking Production, 1955, 99, Dec. 23, 2163-2168). 
Production of two foundries was recently surveyed using the 
activity sampling technique. Each survey lasted only a few 
days, and showed how considerable increases could be made 
in productive efficiency by better balancing of operations. 

Additional Oil Firing in the Cupola. H. Kiihne.  (Gies- 
sereitechn., 1955, 1, Dec., 240-242). The plant used is 
described ; results of tests with combined coke and oil firing 
are reported; its effects on chemical composition and on 
thermal efficiency are enumerated.—t. J. L. 

Experiences with the Metallurgical Hot-Blast Cupola in the 
Foundry. \v. Heinrichs and W. Briiker. (Techn. Mitt. 
Krupp, 1955, 18, Oct., 122-132). The metallurgical advan- 
tages of a hot blast cupola are described, and the paper by 
Fleming, Interrelation between Combustion and Metal- 
lurgical Reactions in the Cupola (Foundry Trade J., 1953, 95, 
pp. 349/58, 401/05) is discussed in relation to work done by 
Krupps using basic slags and a neutral lined cupola. The 
paper concludes with a description of the plant and opera- 
tional details. The hearth is lined with carbon, and the 
upper part of the cupola is lined with firebrick. Experiments 
are being carried out with a view to continuous operation. 

Some Experiments on the Production of Nodular Cast Iron. 
S. N. Anant Narayan and S. Visvanathan. (Tisco, 1956, 8, 
April, 48-52). The authors describe some attempts to 
evolve new procedures for the production of nodular cast iron. 
The introduction of magnesium in the vapour state by 
reduction from high-magnesia slags in contact with molten 
iron and the use of calcium and barium salts as nodularizing 
agents were investigated. These methods showed no com- 
mercial possibilities. (17 references).—L. E. w. 

Deoxidation of Malleable Iron. A. Taub. (Foundry, 
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1955, 88, Nov., 131-133). Experiments to show the influence 
of different methods of adding aluminium to cupola metal on 
graphitization of cast iron are reported and discussed. Addi- 
tions to the ladle or at the spout were not satisfactory and 
the best results were obtained by adding the aluminium with 
the charge.—B. c. w. 

Pearlitic Malleable Iron Stakes Claims to New Jobs for 
Castings. C. F. Joseph. (S.A.E.J., 1954, 62, Oct., 71-74). 
The properties and applications of pearlitic malleable iron 
are briefly reviewed. The machinability of the material is 
from 10 to 30% better than steel forgings of the same Brinell 
hardness. They also possess good wear resistance, excellent 
finishing quality, and high strength characteristics.—pP. M. c. 

New Trends and Achievements in the Production of Malle- 
able Cast Iron. J. Piaskowski and J. Raczka. (Przeglid 
Odlewnictwa, 1955, 5, (7-8), 209-219). [In Polish]. A 
review of literature is given. 96 references.—v. G. 

Aspects of Corrosion Resisting Steel Castings. W. |. 
Boustred Jun. (Inst. Brit. Foundrymen (S.A.): Engineer 
Foundryman, 1955, 20, Nov., 40-43). The metallurgy and 
foundry practice of stainless alloys containing chromium and 
nickel are briefly given.—a. D. H. 

Aspects of Steelfoundry Practice. H.Hart. (Found. Trae 
J., 1955, 98, June 9, 615-620; June 16, 645-653). Various 
techniques for gating and running steel castings are reviewed, 
and the formation and methods for avoiding scabbing and 
porosity are discussed.—B. ©. w. 

Shell-Moulded Castings Will Affect Shop Practice. 0. W. 
Winter. (Metalworking Production, 1955, 99, Dec. 30, 2227- 
2230). A comparison is made between normal casting and 
shell moulding with regard to shop layout, and the machining 
operations required for castings of up to 50 lbs. It is shown 
that with proper automatic equipment, shell-mould produc- 
tion costs can be very low, while product quality remains 
high.—m. A. K. 

Characteristics of Investment Casting Alloys. W. W. 
Lamb and W. F. Carn. (Machine Design, 1955, 27, Dec., 209 
210). Ratings of castability of approximately 100 repre- 
sentative alloys, and detailed information on the properties 
of 26 typical investment casting alloys are given in tabulated 
form.—m. A. K. 

The Physico-Chemical Properties of Some New Zealand 
Bentonites. KF. R. Gordon, J. Rogers, B. Russell and L. C. 
Trewern. (New Zealand J. Sci. Tech., 1955, 87, Sept., 132- 
141). Tests carried out on samples of bentonite using 
differential thermal analysis, X-ray and petrological tech- 
niques are described. The properties of New Zealand 
bentonites are compared with those of the U.S.A.—ns. G. B. 

Investigations on the Measurement of the Plasticity of 
Non-Consolidated Mould Sand. H. Siegel. (Giesserei, 1955, 
42, Dec. 8, 686-691). A so-called plastograph is described 
which is an instrument designed to measure and record the 
amount of work necessary to knead sand. The experimental 
method is described and numerous results given, which 
include the effect of moisture content on the kneading work 
for different bentonites and quartz sands.’ From these results 
the plastic behaviour of the moulding sand can be deduced. 

Sand Drying Plant for CO, Sand. W. Sander. (Gies- 
sereitechn., 1955, 1, Dec., 243-244). A drying plant for 
quartz sand which has been working satisfactorily for 6 months 
without requiring major repairs is described and illustrated. 

Risering of Grey Iron Castings. Progress Report No. 6. 
E. J. Sullivan Jun., C. M. Adams and H. F. Taylor.( Trans. 
Amer. Found. Soc., 1955, 68, 8-12). Experimental results 
on the effects of carbon, silicon, sulphur, phosphorus, and 
manganese on the shrinkage of grey cast iron are briefly 
reported. They are discussed in relation to graphite struc- 
ture and mould dilation.—s. c. w. 

Risering Requirements of Nodular Iron. KR. ©. Shnay. 
(Trans. Amer. Found. Soc., 1955, 68, 293-294). The risering 
requirements of nodular iron are illustrated by radiographs 
of plate castings in grey iron, steel, and nodular iron.—B. c. w. 

Principles Applicable to Vertical Gating. K. R. Grube and 
J. G. Kura. (Trans. Amer. Found. Soc., 1955, 68, 35-48). 
The results are presented of an investigation into the design 
of a vertical gating system for vertical plate castings. The 
flow through the gating system was studied by photographing 
the flow of water in transparent plastic moulds and the results 
were confirmed by radiography of aluminium alloy castings. 
Among the factors studied were the effect of sprue length and 
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taper, the design of the runner and runner extension, the 
design of the gate and the design of the side riser and web. 

Calculation of Feeder Heads. P. Ma. Ifarrairaegui. (Met. 
Elect., 1955, 19, Jul., 49-56; Aug., 41-49). [In Spanish]. 
The use of exothermic materials, chills, open, semi-blind, 
blind, and pressure feeder heads is discussed in relation to 
their controlling effect upon solidification rates and feeding 
in order to produce sound castings. Methods for the caleu- 
lation of the shape and size of feeder heads and exothermic 
pencils are described and applied to the design of a mould 
for a wheel casting.—P. s. 

Water-Cooled Cupola Brightens Future For Consistent 
Control of Castings. L. H. Wisner. (Western Metals, 1955, 
18, July, 52-54). The Meehanite “ Equiblast ’’ water-cooled 
cupola is described. In this cupola the contour and diameter 
of the refractory lining and therefore the oxygen and tempera- 
ture distribution remain constant. A cleaner, purer, and 
mechanically superior metal is produced. The manufacture 
of GS and GSF “ Ductiliron”’ Meehanite in this new type 
cupola are described.—P. M. Cc. 

Development of an Improved Method for Cupola Charging 
to Meet Increased Production Requirements. H. G. McCallum. 
(Gen. Motors Eng. J., 1955, 2, Nov.-Dec., 14-19). A description 
is given of the original system followed by a detailed account 
of the new system, which utilizes electromagnetic charge 
make-up equipment and skip chargers with cone-bottom-type 
charging buckets.—k. A. Cc. 

A Guide to the Formulation of Coke Consumption Schedules 
for Cupolas. H. Koppe. (Giesserei Techn., 1955, 1, Nov., 
215-217). A practical method of determining correct coke 
consumption is briefly described.—t. J. L. 

Comparative Studies on Melting Furnaces for the Iron 
Foundry. B. Marinéek. (Giesserei, 1956, 48, Jan. 5, 2-8). The 
development in the cost per calorie over the past 20 years 
when produced electrically and when produced from coke is 
followed. The various factors which affect the quality of the 
cast iron in the fluid state are discussed and _ illustrated 
graphically. The melting process in the iron foundry is then 
described for the following furnaces: the cold blast cupola, 
the hot blast cupola, the electric-are furnace, and the induction 
furnace. Melting costs for these furnaces are then described 
and compared.—R. J. W. 

The Applications of Ni-Hard Type White Martensitic Cast 
Irons. (Rev. Nickel, 1955, 21, July-Aug.-Sept., 66-70; Oct.- 
Nov.-Dec., 96-99). Chemical composition and mechanical 
properties of two types of Ni-Hard are tabulated. Applications 
in the cement industry, coal and coke industry, building and 
public works, dredging, food industry, ore-mining and treat- 
ment, and the steel industry are given and illustrated.—t. E. D. 

Effects of Physical Environment on Cast-Iron Pipe. A. 
Baracos, W Hurst, and R. F. Legget. (J. Amer. Water 
Works Assoc., 1955, 47, Dec., 1195-1206). The results of a 
study of the failures in service of cast iron and steam cured 
asbestos cement pipes carrying water in the Winnipeg and 
western Canadian districts are described. Iron pipes have 
failed through transverse cracking. The cause of failure is 
differential soil movements which result from changes in 
moisture of the clay soil and can be traced back to the filling-in 
operation.—B. G. B. 

Progress in Special Foundry Irons and their Applications in 
the Mineral Industry. G. Henon. (Centenary Congress of the 
Société de UIndustrie Minérale, June, 1955, Sb. 14, 1-12). 
Various special types of cast irons and steels are described. 
Specific applications are discussed involving resistance to 
water, abrasion, corrosion, or raised temperatures.—r. C. 


The Improvement in Properties ~. Molten Iron. II. T. Tottori. 
(Tetsu to Hagane, 1956, 42, Jan., 3-8). [In Japanese]. Blowing 
of reducing gases, e.g. H, and producer gas, into molten iron 
increased fluidity and ‘accelerated precipitation of flaky 
graphite. Blowing of Ng, air, and CO, into blast-furnace iron 
decreased the fluidity; blowing of O, reduced impurities such 
as titanium and vanadium, and i improved mechanicai proper- 
ties. Cast iron from charcoal iron was more easily nodulized 
by magnesium treatment after blowing H, or producer gas, 
whereas that from blast-furnace iron benefited from oxygen 
blowing. (12 references).—k. E. J. 

Growth of Graphite in Grown Cast Iron. E. Matuyama. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Apr., 208-211). A slit- 
type X-ray powder diffraction camera was used to study 
graphite in cast iron grown by repeated heating in high 
vacuum. The intensity ratio of the 1OI1L and 1010 lines 
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increased with the number of heating cycles, indicating more 
perfect crystal formation. The causes of porosity in the iron 
are successive spreading and heaping of characteristic crystal 
grains on the flake surface.—k. E. J. 

Master Alloys in the Foundry. J. B. Forster. 
1955, 1, Dec., 5, 7). The compositions and uses are briefly 
summarized.—Bs. C. W. 

Metal Temperature and the Iron Melting Reverberatory 
Furnace. ©. G. De Lanal. (Foundry, 1955, 88, Oct., 164, 
167-168). The practical methods for improving the heat 
transfer to the liquid metal bath in a reverberatory furnace 
are reviewed. The factors considered are burner angle, 
internal furnace pressure, refractories, and slag requirements. 

Quenching, Alloying, and Surface-Hardening of Grey and 
Malleable Cast Irons. ©. Mordvek. (Slérdrenstvi, 1956, 4, 
(1), 16-19). [In Czech]. The heat-treatment, sulphating, and 
nitriding processes are discussed with a view to the possibilities 
of producing and designing high-grade castings economically. 

Research on Iron Treated with Magnesium Nitride. I. On 
the Spheroidization of Graphite in Iron. R. Yoda. (Nippon 
Kinzoku Gakkai-Si, 1954, 18, Apr., 250-255). [In Japanese , 
By adding Mg,N, instead of magnesium to iron, both deoxida- 
tion and desulphurization as well as alloying of magnesium 
are achieved. Spheroidization was readily obtained with 
additions of 1% or more. The danger of explosion of the melt 
is completely removed, and other elements besides magnesium 
are not introduced. (27 references).—k. FE. J. 

Hardenability of Ductile Cast Iron. C. Reynolds, W. T. 
Whittington, and H. F. Taylor. (Trans. Amer. Found. Soc., 
1955, 68, 116-122). Results to show the effects of austenitizing 
temperature, soaking time, and composition on the harden- 
ability of ductile cast iron are presented and a method is given 
for calculating hardenability from chemical composition. The 
relations between section size hardenability and severity of 
quench are also derived.—s. c. w. 

On the Mean Stress Level in the Metallic Matrices of Some 
Ferrous Materials which Contain Nodular or Lamellar Graphite. 
W. Grundig. (Bol. Assoc. Brasil Met., 1955, 11, July, 325 
348). [In Portuguese]. A study is made of the way in which 
elastic stresses are distributed in a variety of graphitic irons. 
The material is considered as a combination of a metallic 
matrix and the graphite; it is indicated that the elastic stresses 
are distributed uniformly through the matrix, the stress level 
depending on the quantity and shape of the graphite present. 
This stress, omat., can be obtained from the relationship 
Omat. = E/E,-o, where a is the nominal stress, Ey and E the 
moduli of elasticity of the material as a whole and that of the 
metallic matrix, respectively. Formule are given which 
enable the relationship omat,/¢ to be calculated with respect 
to the graphite content and form (the restrictor factor). For 
example, in an iron containing 3% graphite in lamellar form 
the mean stress level is 160% higher than the nominal stress, 
in the nodular form it is 25% higher. (23 references).—p. s. 

Anti-friction Properties of Spheroidal Graphite Cast Iron. 
(Found. Trade J., 1955, 99, Dec. 22, 743—744). <A brief 
summary is given of recent Russian research comparing the 
anti-friction properties of spheroidal-graphite cast iron with 
those of bronze, grey iron, and a wrought Ti—Mn iron.—Bs. ¢. w. 

On Nuclei and Nucleating — in Metallic Melts. E. 
Scheil. (Giesserei, 1956, 48, Jan. 19, 33-40). The concepts 
of nuclei, nucleating materials, and the poisoning of such 
materials are introduced and defined. R. Becker’s theory of 
spontaneous nucleus formation is discussed and illustrated 
using tin as an example. The similarities between catalysts 
and nucleating materials are described, as are their differences. 
Experimental investigations (such as grain refining) on the 
additions of nucleating materials are described, and the effect 
of over-heating considered. Finally the technical possibilities 
of nucleation are reviewed. (43 references).—R. J. W. 

Creep of Cast Iron with Globular Graphite. V. S. Ivanova 
and I. A. Oding. (Izvest. Akad. Nauk SSSR, Otdelenie Tekn. 
Nauk, 1955, (7), 89-92). [In Russian]. Creep charac te ristics 
of nodular cast iron of a composition C (total) 3- o%» | ‘(com- 
bined) 0-19%, Si -5%, Mn — 0:67%, P “al ie and 
S — 0-02%, were dete tik ns at a temperature 7 450° C. Its 
resistance to “ growth’ was determined by holding a specimen 
for 200 hours at 500°C. No change in the length of the 
specimen so treated was observed. It was found that nodular 
east iron can be utilized as a structural material for service 
at high temperatures.—v. &. 
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Good Commercial ‘Nodular Irons Rival Steel in Strength, 
Ductility. R. Schneidewind. (S.A.E.G., 1954, 62, Oct., 94-96). 
Nodular irons offer attractive properties for automotive parts, 
the combination of strength and ductility approaching that 
of steel and being superior to that of malleable and grey irons. 
The properties and effect of heat treatment on nodular irons 
are briefly reviewed.—P. M. Cc. 

Heat Treating to Produce Malleable Iron. J. H. Lansing. 
(Steel, 1955, 187, Dec. 19, 106-110; Dec. 26, 60-62). Types 
of furnaces and temperature cycles are dealt with, and 
metallurgy and heat-treating practice. Applications are 
noted.—D. L. C. P. 

Effects of Molybdenum on Stability and High Temperature 
Properties of Pearlitic Malleable Iron. W. G. Scholze, D. V. 
Doane, and G. A. Timmons. (Trans. Amer. Found. Soc., 
1955, 68, 251-260). The results are given of an investigation 
into the effect of molybdenum on the tensile properties and 
the stability of pearlitic malleable cast iron at 538°, 593°, and 
649° C. At these temperatures molybdenum additions from 
0-2 to 0-75% were found to retard the rates of softening and 
secondary graphitization, and to raise the short time tensile 
properties of the irons. The effect of stabilizing treatments at 
649° C on tensile properties at lower temperatures was also 
determined.—z. c. w. 

Some Factors in Production of Clean Steel Castings. C. B. 
Williams. (Trans. Amer. Found. Soc., 1955, 68, 687-688). 
The methods used at the Massillon Steel Casting Co., Massillon, 
Ohio to produce castings with clean surfaces, are briefly 
described.—B. c. w. 

Manufacture of High-Quality, Pressure-Tight Steel Castings. 
J. F. Wallace. (Trans. Amer. Found. Soc., 1955, 68, 693-702). 
The production of pressure-tight high strength castings in 
sand moulds is discussed with particular reference to the 
effects of composition and heat-treatment on the notch- 
toughness of the cast steels.—s. c. w. 

Studies in Cement-Sand Steel Casting Methods. Steel Plating 
with Cement-Sand. W. Eitel and N. Képpen. (Giesserei, 
Technisch-Wissenschaftliche Beihefte, 1955, May, 761-765). A 
microscopic investigation is described in which the processes 
at the contact between the cement-sand mould and the cast 
steel are clarified. The formation of a porous layer in the 
mixing zone is described. Details of the softening of the sand 
mould, of the melting of the cement-—sand and of the penetra- 
tion of the cast steel into the mould are given.—R. J. w. 

Cast Steels. J. Lomas. (Canad. Min. J., 1955, 76, Aug., 
54-57; Oct., 80-82; Nov., 76-78). Part I. Types of British 
steels for castings, and their uses, are tabulated. The various 
types are discussed broadly. Parts II and III. Nickel- 
chromium, nickel-chromium—molybdenum, high nickel, cor- 
rosion-resistant, heat-resistant steels and austenitic steels are 
discussed in detail, with particular reference to the austenitic 
manganese and chromium -nickel (18-8) steels.—r. E. D. 

The Sand Bonding Properties of Some New Zealand Ben- 
tonites. J. Rogers and B. Russell. (New Zealand J. Sci. Tech., 
1955, 87, Sept., 160-171). Tests carried out to explore the 
scope and limitations of New Zealand bentonites for foundry 
use are described. The results indicate that though the 
bentonites are different from those of the U.S.A. they would 
be suitable for foundry use.—B. G. B. 

Microscopy and Moulding Sands. V. D. Frechette. (Trans. 
Amer. Found. Soc., 1955, 68, 710-716). The application of 
optical microscopy to the study of moulding sands is discussed. 
The aspects considered include identification of constituent 
minerals by the polarizing microscope, quantitative analysis 
in terms of minerals, particle size distribution, and void shape 
and distribution.—s. c. w. 

Load Carrying Power of Moulding Sands. H. W. Dietert, 
F. 8. Brewster, and A. L. Graham. (Z'rans. Amer. Found. 
Soc., 1955, 68, 642-649). Results are presented to show the 
effects of moisture, percentage bond, grain size, and additions 
on the yield point in compression, the yield deformation, and 
the modulus of plasticity of moulding sands. A new test is 
described in which the deformation with time of a sand under 
a selected load is determined, and the results obtained with 
this test are correlated with shrinkage in castings. It was 
found that moulding sands with a low movement under load 
give castings with no or reduced shrinkage.—B. Cc. w. 

Clay, Fines, and Water Relationships for Green Strength in 
Moulding Sands. A. H. Zrimsek and R. W. Heine. (Z'rans. 
Amer. Found. Soc., 1955, 68, 575-581). Data on the effect 
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of water content on the green compressive strength and tensile 
strength of clays and of clay—sand and clay—sand-silica flour 
mixtures are presented and discussed.—B. Cc. w. 

The Influence of Moulding Materials on the Incidence of 
Hot Tearing. J. M. Middleton. (Trans. Amer. Found. Soc., 
1955, 68, 99-108). Experiments described in a previous paper 
[Ibid., 1953, 61, 167-180] on the effects of ramming density, 
bonding agents, and pouring temperature on hot tearing in 
steel castings have been repeated under similar experimental 
conditions but with a larger casting. Casting size had little 
effect by clay-bonded test blocks, but with castings restrained 
by organically bonded sands the thermal conditions produced 
by the larger castings caused a more complete breakdown in 
the sand and thereby reduced both the incidence and extent 
of hot tearing.—B. Cc. w. 

The Scabbing Defect. (Trans. Amer. Found. Soc., 1955, 68, 
123-142). In this third progress report of A.F.S. Sand 
Division Committee 8—J, detailed results are given of the 
properties and scabbing tendency of 19 different sands. The 
results are also given of tests to compare the sensitivity of 
the scabbing test pattern used in previous work with that 
of three other test patterns. From measurements of the 
expansion and hot deformation characteristics of the moulding 
sands it is concluded that the unaccommodated expansion, 
i.e. the amount by which the expansion exceeds the hot 
deformation at any specific temperature, correlates closely 
with the scabbing tendency of the sands.—s. c. w. 

Physical Properties of Steel Foundry Sands at Elevated 
Temperatures. H. W. Meyer. (Trans. Amer. Found. Soc., 
1955, 68, 17-18). The history and accomplishments of the 
A.F.S. Committee 8-L are briefly reviewed.—B. c. w. 

Modern Sand Quarry Developments at Redhill. (Found. 
Trade J., 1955, 99, Dec. 15, 705-707). The production and 
treatment of sands for the glassmaking and foundry industries 
at the quarries of British Industrial Sands Ltd. is outlined. 
The problems incurred in producing sands for the shell 
moulding and CO,-processes are briefly referred to.—B. C. w. 

Use of Zircon Sand in Producing Large Castings. H. Chappie. 
(Foundry, 1955, 88, Oct., 126-131). The properties of zircon 
sand are reviewed and its applications in the foundry are 
considered. The use of a zircon sand facing reduces metal 
penetration and sand burn-on, and gives a smoother surface 
finish.—B. C. W. 

Wood Pattern Construction Standards and Specifications. 
J. F. Roth. (Trans. Amer. Found. Soc., 1955, 68, 587-588). 
Specifications for different classes of wood patterns are 
proposed as a basis for subsequent discussion.—B. Cc. w. 

Gypsum Cement Moulds for Plastic Patterns. M. K. Young. 
(Trans. Amer. Found. Soc., 1955, 68, 377-382). Several 
methods of making gypsum cement moulds for plastic pattern 
plates are illustrated and described.—s. c. w. 

Pressure Moulding Influences on Pattern and Rigging. 
T. E. Barlow and W. J. Burke. (Trans. Amer. Found. Soc., 
1955, 68, 191-194). The design of patterns and flasks for 
the high pressure and diaphragm moulding techniques is 
discussed in general terms.—B. C. W. 

Current Status of Test Patterns for Evaluation of Sand 
Mixtures. ©. Locke. (Trans. Amer. Found. Soc., 1955, 68, 
49-62). The test patterns that have been and are being used 
in the foundry are illustrated and reviewed. Data are tabu- 
lated on 31 different test patterns. (46 references).—B. C. W. 

Frozen-Mercury Patterns. I. D. Kramer. (Aircraft Prod., 
1955, 17, Dec., 494-497). The advantage of low-volume 
changes in melting mercury makes possible the use of frozen 
mercury patterns for quite large and complex investment 
castings using shell-moulds. The process is described and 
some products are illustrated.—tr. E. D. 

Patterns Cast in Epoxy Resin. D. B. Orr. (Found. Trade J., 
1955, 99, Nov. 10, 531-536). The preparation of master 
pattern replicas in a hardened and reinforced ethoxyline resin 
is described in detail. The process may be used for any 
split pattern but it is difficult to make double-side pattern 
plates as entrapped air in the resin gives slight pinholing on 
the upper surface.—B. Cc. w. 

Modern Patternmaking Establishment. (Found. Trade J., 
1955, 99, Dec. 8, 675-677). The development of the Universal 
Pattern Co. (London) Ltd. is outlined and the new works 
recently established at Crawley, Sussex, are briefly described. 

The Construction and Setting of Patterns. H. Schiegner. 
(Giessereitechn., 1955, 1, Nov., 217-221). Difficulties and 
defects can be avoided by giving more time and attention 
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to the careful design of patterns and templates. A number 
of practical hints are given.—t. J. L. 

Economics in Materials and Time in the Preparation of a 
Pattern. A. Lenke. (Giessereitechn., 1955, 1, Dec., 245-247). 
A practical example of pattern construction is given to prove 
that a high degree of stability and superior quality can be 
attained despite economies in materials and time.—t. J. L. 

Expendable Pattern Materials for Investment Casting. ©. D. 
Murphy, Jun. (Precision Met. Mold., 1956, 14, Jan., 52-54, 
82-85, 89-90). The properties required of a modern pattern 
material are listed and discussed with special reference to 
wax compounds.—D. H. 

A Simplified Method for Determining Riser Dimensions. 
H. F. Bishop, E. T. Myskowski, and W. S. Pellini. (Trans. 
Amer. Found. Soc., 1955, 68, 271-281). Experiments with 
steel castings showed that the surface area—volume ratio used 
to calculate riser dimensions can be replaced by the shape 
factor L + W/T where L is the length, W the width, and T 
the thickness of the casting. Graphs relating minimum riser 
volume to casting volume for different shape factors are given 
and the method used to calculate riser dimensions is illus- 
trated by examples. Procedures and data are also given for 
determining the minimum riser dimensions required for 
complex shapes involving thin sections joined to heavier 
sections, and for shapes involving retarded cooling such as 
cylinders containing small cores.—B. Cc. w. 

Risering of Commercial Steel Castings. ©. W. Briggs. 
(Trans. Amer. Found. Soc., 1955, 68, 287-290). A method of 
rapidly estimating the minimum riser diameter for steel 
castings is given and a detailed calculation based on the 
method of Bishop, Myskowski, and Pellini (see previous 
abstract) is presented for a disc casting.—B. Cc. w. 

A New Foundry Core Sand Binder. ©. J. Gogek. (Trans. 
Amer. Found. Soc., 1955, 68, 472-472). The properties of 
cores prepared with a binder containing over 90% corn sugar 
are presented and briefly discussed.—n. c. w. 

Reactions During Core Baking. G. J. Grott and H. F. 
Taylor. (Trans. Amer. Found. Soc., 1955, 68, 493-502). 
Previous work on the oxidation and polymerization of a 
drying oil is reviewed and discussed in relation to the baking 
of cores bonded with linseed oil. Some experimental results 
on moisture pick-up by cores at room temperature are reported 
and it is shown that oil sand bonds can be cured in a very 
short time if hot air is drawn through the cores.—s. c. w. 

Mechanization of Mould Coating. I. P. Belyuchenko. (Stal’, 
1955, (7), 660-661). [In Russian]. The use of a lacquer for 
mould-coating and the mechanization of the coating operation 
are described. Control of lacquer viscosity is considered.—s, K. 

Behaviour of Steels During Solidification. W. Trommec. 
(Giesseret, 1955, 42, Dec. 22, 708-715). The normal behaviour 
of steel during solidification is first described, using hydro- 
static parallels. The after-suction of different riser shapes 
and the contraction on solidification are discussed. The 
controlled behaviour of steel after casting is considered 
briefly. The setting, isolating, and heating of risers are 
described and the principles of air- and gas-pressure risers 
elucidated. A description of the effect of tilting the mould 
after casting and the use of cooling media is followed by a 
discussion of casting under reduced or excess pressure, and 
of centrifugal casting.—R. J. w. 

Your Can’t Judge a Block by Its oem. R. E. 
Vandeventer and F. McFarland. (S.A.2.J., 1955, 68, Mar., 
d0-52). Residual stresses in cast cylinder blocks—due to 
unsuitable cocling rate—are often the cause of subsequent 


failure by cracking. A technique for measuring these 
stresses is described, in which readings are taken from 
electrical resistance strain gauges mounted on the block 


before and after making saw cuts in it (to relieve the stress). 
As a result of this test method, cooling cycles have been 
modified at the Packard factory.—pP. M. c. 

The Influence of the Mechanism of Formation of a Casting 
on the Structure of Cast Iron. V. M. Pischchev. (Jzvest. 


Akad. Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (8), 107-— 
118). [In Russian]. Results of an investigation of the 


influence of the mechanism of formation of a casting and of 
casting technology on the size and distribution of graphite 
as well as on the microstructure of the main mass of the 
metal are described. The study of the microstructure was 
carried out on specimens cut from castings of ingot moulds 
centrifugically cast in moulds with dry cores. It is concluded 
that the microstructure of metal indicates the method of 
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non-uniformity of the 
microstructure of 
shows the 
above 


preparation of metal for casting while 
shape and size of graphite and of the 
metal along the width and length of a casting, 
mechanism by which the casting was formed. The 
facts allow for the evaluation of the correctness of the chosen 
casting technique.—v. G. 


REHEATING FURNACES 
SOAKING PITS 

New System of ‘enon Atmosphere Control. (Brit. 
Engineering, 1956, 38, Jan., 263-264). The * Equiverse ” 
system of the Incandescent Heat Co., Litd., 
heating to 1300° C or above in direct-fired forge 
furnaces, by maintaining 12—16-5%, of CO in the atmosphere. 
The CO is subsequently burnt in the rapidly reversing 
regenerative system. The furnaces show increased outputs 
per unit hearth area and lower fuel consumptions for a given 
weight of metal.—k. FE. J. 

Mains Frequency Induction Heating. RK. H. Barfield. 
(Wild Barfield Heat Treatment J., 1955, 5, Dec., 10-15). 
The considerations affecting the use of high or mains frequency 
induction heating are explained. Some practical applications 
of the latter are given.—b. H. 

King Size Furnace Handles Water Shipped Assemblies. 
H. F. Knab. (Western Metals, 1954, 12, Aug., 52-53) 
Constructional and performance details are given of a very 
large car-hearth type furnace, installed by the Willamette 
Iron & Steel Co., Oregon, U.S.A. Inside dimensions are 
20 ft. wide by 20 ft. high by 30 ft. long with lift doors at each 
end. The furnace will operate at up to 2100° F, is gas-fired, 
and is fitted with fully automatic temperature control. 

Mechanized Continuous Furnaces. G. ©. MeCormick. 
(Metal Progress, 1955, 68, Nov., 95-100). Existing machines 
are classified into 6 classes according to the method of 
handling the work. The advantages and disadvantages of 
each type are briefly stated and considerations which affect 
a decision to mechanize a heat treating department are 
given. G. B. 

Methanined Batch- Type Furnaces. M. Neumeyer. (Metal 
Progress, 1955, 68, Nov., 101-104). The advantages of 
batch-type furnaces for the annealing of steel 
considered.—B. G. B. 

The New Soaking Pits with Regenerators of the Dudelange 
Division (ARBED). J. Hein. (Rev Tech. L uvembourg. 
1956, 48, Jan.—Mar., 11-24). A detailed de ‘scription is 
presented of these new soaking pits, four in number, each 
with an ingot capacity of 50 tons. Blast furnace gas is used 
as fuel. The combustion air and gas are preheated in 
separate metallic recuperators; the gas to 400° C and the 
air to 600° C. Cold air is used to dilute the exit gases from 
the furnace to reduce the temperature to 800° C. Tests 
carried out on the furnaces to measure their efficiency are 
described and a heat balance is given. The track-time of 
the ingots is usually 1} hrs, the soaking time 2 hrs and the 
furnace temperature 1290° C.—s. G. B. 


HEAT-TREATMENT AND HEAT- 
TREATMENT FURNACES 
General Notes on Electrometallurgy. M. Fourment. (Bull. 
Soc. Ing. Civils France, 1956, No. 1, 17-34). Electrical 
methods of supplying heat for tempering are first considered. 
Electric melting techniques are next reviewed and resistance, 
are and high frequency furnaces are described. Electrical 
methods of metal purification including vacuum fusion and 
mentioned. The author concludes by 


AND 


allows scale-free 
and reheating 


parts are 


zone melting are 
surveying the present state and development of electric 
heating i in metallurgy.—s. G. B. 

Effect My Density Differences on the Path of Jets. G. Horn 


and M. W. Thring. (Nature, 1955, 175, June 18, 1081-1082) 
cies Furnace Performance by Model Investigation. 
M. W. Thring. (Coke Gas, 1956, 18, Mar., 101-103). In the 
application of model techniques to furnace design, a problem 
has been the simulation of the buoyancy effect of hot flames 
rising within the cooler furnace atmosphere. The tech- 
nique, described and illustrated, involves the use of a jet 
of magnetite slurry, representing the and water, 
representing combustion air. The dense jet of magnetite 
sinks, and so provides an ** upside down ”’ picture of the rising 
flame jet.—tT. E. D. 

The Planning of Tests for Solving Problems Related to 


flame jet 
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Materials and Their Heat Treatment. E. Rossow. (Hdrterei- 
Tech. Mitt., 1955, 7, (4), 29-51). The author discusses the 
planning of tests with a view to obtaining best results without 
unnecessary repetition. Statistical methods are included. 

Gas as a Source of Protective Atmosphere in Industrial 
Furnaces. E. J. Funk. (Indust. Heating, 1955, 22, Oct., 
2030-2038). Principles of the production, use and control 
of exothermic and endothermic atmospheres for heat treat- 
ment are outlined.—a. D. H. 

Optimum Heat Treatment for Magnetic Core Iron. H. A. 
Steinherz. (Indust. Heating, 1955, 22, Oct., 1992-2000). A 
statistically designed experiment provided a rapid way of 
determining the correct heat treatment to obtain high values 
of permeability in 33% oriented silicon iron.—a. D. H. 

Heat Treating Gray Iron. (Steel, 1955, 187, Oct. 24, 118- 
122; Oct. 31, 76-79; Nov. 7, 134-136). The theory and 
practice of heat treating grey iron are described. Sections 
deal with stress relief and annealing, flame and induction 
hardening, and through hardening and hot quenching. 

The Tempering of Plain Carbon Steels. E. D. Hyam and 
J. Nutting. (J. Iron Steel Inst., 1956, 188, 148-165). [This 
issue]. 

Heat Treatment Plant for Seamless Tubes. (Hngineer, 
1955, 200, Oct. 28., 629-630). Details are given of a plant 
for the heat treatment of seamless steel tubes, installed in 
the works of Accles and Pollock by the Incandescent Heat 
Co. Ltd. The equipment comprises a continuous mesh belt- 
conveyor furnace with electric heating elements and a 
** Hi-Nitrogen ’’ atmosphere generator.—m. D. J. B. 

Molten Baths and Mechanisms. L. B. Rosseau. (Metal 
Progress, 1955, 68, Nov., 106-110). The design of baths and 
handling mechanism for lead, oil, and salt are described. 

Decarb, Distortion Exit with Salt Bath Furnace Treatment 
of Landing Gears. F. Fenger. (Western Metals, 1954, 12, 
Sept., 47-49). The hardening procedure for very large 
aircraft components, at the Menasco Manufacturing Co., 
California, is described. Constructed mostly of SAE 4340 
steel, the components are austenitized, quenched and tem- 
pered in * Aja” electric salt baths. Distortion is now 
practically negligible, and excellent strength and uniformity 
of hardness are achieved.—P. M. Cc. 

Production Control of Salt Baths in Germany. 0. Schaaber. 
(Metal Progress, 1956, 69, Mar., 67-71). The carburizing 
potential of a salt bath is measured by immersing mild steel 
foil long enough to carburize throughout and estimating its 
carbon content. The quenching power of a martempering 
bath is measured by the time needed to heat a small cylinder 
through a specified range of temperature.—B. G. B. 

Selection and Application of Furnace Atmospheres for 
Carbon Control. ©. E. Cullen. (Metal Progress, 1956, 69, 
Mar., 57-61). The use of a furnace atmosphere containing 
about 20% CO, 40% H, and 40% N, is described. It can 
be used to carburize, carbonitride, recarburize decarburized 
surfaces, clean harden or increase the carbon content of strip 
to a uniform higher level. Careful measurement and control 
of the dewpoint are needed.—s. G. B. 

Sulphurizing or Sulphur Cementation. C. Ciffo. (Ing. Mecc., 
1955, 4, Oct., 45-47). [In Italian]. The author describes a 
new heat treatment process which imparts a very high 
wearing’ resistance to materials without, however, altering 
their surface hardness. The method of preparing ferrous 
materials for sulphur cementation is described and the 
characteristics of the surfaces obtained and the means of 
testing the sulphurized layer are discussed.—xm. D. J. B. 

A Rapid Method for Determining the Properties of the Steel 
and the Carburizing Agent. A. Slattenschek. (Hdrterei-Tech. 
Mitt., 1944, 38, 99-121). A mathematical treatment of the 
problem is given. The equation of the carburization curve is 
applied to carburization processes. The diffusion constant of 
a steel is shown to be independent of the carbon content and 
it is given by the equation: 

‘m — CK)? d2 
ce (Cm CK) ~ 
F,s 4Z 

The Problem of Depth of Chill and its Determination. 
J. Quadflieg. (Hdrterei-Tech. Mitt., 1950, 6, (1), 9-30). The 
results of co-operative work by several firms are discussed 
and standard conditions for testing the depth of case arrived 
at.—R. P. 

Flame Hardening of Foundry Iron and Practical Application. 
H. W. Gronegress. . (Rev. Mét., 1955, 52, July, 559-568). 
Carbon content and graphite distribution are the most 


—R. P. 
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important factors governing the flame hardenability of cast 
iron. At least 0:5% carbon is necessary for adequate surface 
hardness. Likewise the tendency to crack decreases the finer 
the graphite distribution. Examples of the use of flame 
hardened cast iron and of the special equipment for it are 
discussed.—G. E. D. 

Surface Hardening by Induction Heat. H. B. Osborn. 
(Metal Progress, 1955, 68, Dec., 105-109). The metallurgical 
aspects of this technique are discussed. The factors which 
determine the depth of the hardened layer and its properties 
are considered together with quenching techniques.—B. G. B. 

Inductive Heat-Treatment. H. Jung. (Hdrterei-Tech. M‘tt., 
1944, 8, 177-187). Inductive heat-treatment apparatus is 
discussed in detail. The construction and mode of operation 
are described.—R. P. 

Electrolytic Carburization. C. Albrecht. (Hdrterei-Tech. 
Mitt., 1944, 3, 91-98). A critical review of electrolytic car- 
burization is made. Using salt baths and direct current, the 
carbon in the steel travels towards the cathode. The depth 
of hardening increases slightly with increase in current 
density. The cyanide content of the bath influences the rate 
of carburization. The method is not in practical use.—Rr. P. 

The Possibility of Simultaneous Carburization and Oxidation 
of Steel During Case-Hardening. E. Scheil. (Hdrterei-Tech. 
Mitt., 1955, 9, (2), 27-29). Simultaneous carburization and 
oxidation is possible, provided the steel contains silicon. The 
equilibrium in question is discussed. No oxides are formed. 

Oxidation at the Surface of Case-Hardening Steels. ©. 
Albrecht. (Hdrterei-Tech. Mitt., 1955, 9, (2), 9-26). The 
carburization of case-hardening steels may be accompanied 
by oxide inclusions (particularly of silica) in the rim. They 
do not appear on the whole surface, only where slag seains 
are present, and they go to within 5 to 10% of the depth of 
carburization. These inclusions depend on the carburizing 
agent. High carburizing temperatures minimize surface 
oxidation.—R. P. 

Two and a Half Years of Practical Experience in Gaseous 
Carburization of Driving-Gears Using Town Gas. J. Brugger. 
(Harterei-Tech. Mitt., 1954, 9, (1), 27-51). The construction 
and operation of furnaces for case-hardening are described. 
Details for obtaining gas of sufficiently constant composition 
are given, starting with town-gas. Gaseous carburization is 
considered more efficient and more economic than the use of 
powders. The heat-resisting material consists of an alloy 
containing 19% nickel and 24% chromium.—R. P. 

Effect of Activators on Solid Case Hardening Compounds 
for Carburisation of Steel. H. Schrader. (Arch. Eisenhiitten- 
wesen, 1955, 26, Sept., 527-533). The author describes 
carburization experiments on steels containing (1) 0-14% C, 
(2) 0-19% C, 1-1% Mn, 1-0% Cr, and 0-2% Mo, (3) 0°:15% C, 
1-0% Cr, and 4:3% Ni. The additives used were oxides and 
carbonates of alkali and alkaline earth metals, and their 
effect on charcoal case-hardening compounds was investigated. 
It was found that the effect depended on their oxygen content, 
which went to the production of carbon monoxide (the 
effective carburizing gas), and also on the evolution of heat 
for the breaking down of oxides and carbonates to metals 
and carbon monoxide, and for the production of alkali and 
alkaline earth metal carbides to assist carburization.—a. C. 

Versatile Steel Carburizing Process Provides Low Cost, Hard 
Surface Parts. J. B. Fromblom, and H. W. Hiemke. (Western 
Metals, 1954, 12, Mar., 44-47). The history of the development 
of gas carburizing furnaces, up to the modern continuous 
self contained units is described. The chemistry of the various 
gases and mixtures used for carburizing and carbon restoration 
is outlined, and data are presented on various types of gas 
generators.—P. M. C. 

Gas Carburizing. I. Commercial Practice. II. Application 
of Equilibrium Data. (Metal Progress, 1955, 68, Aug. 15, 
132-143). Batch and continuous furnaces and their main- 
tenance are described. Details of commercial practice with 
undiluted hydrocarbon gases or liquids and with inert carrier 
gas in conjunction with hydrocarbon gases are given. The 
control of case depth and carbon concentration gradient is 
discussed. The practical application of equilibrium data is 
explained.—B. G. B. 

Induction Hardening and Tempering. (Metal Progress, 1955, 
68, Aug. 15, 107-123). The selection and control of equipment 
and metals for commercial hardening and tempering by 
induction heating is discussed in detail. The results of some 
typical production application are presented.—s. G. B. 
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Work Coils for Induction Heating. D. W. Brown. (Machinery, 
1955, 87, Oct. 28, 1019-1026). The article deals with many 
aspects which have a bearing on the design of coils. It is 
stressed that it is very seldom that coils are evolved from 
theoretical considerations, and it is more usual in practice to 
make up an experimental coil based on a general under- 
standing of the subject, and modify to suit conditions 
required.—mM. A. K. 

Advance Determination of the Depth of Chill Obtained by 
Induction Hardening. K. Kegel. (Hdrterei-Tech. Mitt., 1955, 
9, (2), 31-44). It is considered difficult to clarify the heating 
and cooling processes during induction hardening by practical 
measurements. A mathematical treatment is worked out. A 
diagram shows how the depth of chill of steels with an Ac, 
point of 780-820° C can be predetermined when a frequency 
of 550 cycles/sec is used.—R. P. 

Nitriding Improvements. G. Keller. (Brown Boveri Rev., 
1955, 42, Mar., 88-93). A description of Brown Boveri 
nitriding plants and of results obtained are given.—B. G. B. 


Control of Surface Carbon Content in the Heat Treatment of 
Steel. (Metal Progress, 1955, 68, Aug. 15, 144-150). The 
application of carburizing—-decarburizing potentials is ex- 
plained and equipment for measurement and control of furnace 
atmospheres is described. Carbon restoration during annealing 
and hardening is reviewed. Atmospheres for heat treating 
tool and stainless steels, sintering of iron-carbon powder 
metal compacts, and brazing are considered.—z. G. B. 

Water Annealing of High-Speed Steels. S. Owaku and H. 
Akasu. (Tetsu to Hagane, 1955, 41, Nov., 1184-1188). [In 
Japanese]. Quenched high-speed steels can be rapidly and 
effectively water annealed, although the degree of softening 
is not so complete as with the longer complete annealing 
process. A schedule of 5-6 annealing operations with inter- 
mediate heat treatments is recommended. For parts of large 
dimensions or complicated shape, oil annealing is more 
effective.—k. E. J. 

Batch-Type Strip Annealing Furnaces. C. F. Olmstead. 
(Metal Progress, 1955, 68, Nov., 91-94). A short illustrated 
account of multiple and single stack cover furnaces for the 
annealing of steel strip is presented. The advantages of this 
type of furnace include, low fuel or power costs, shorter 
annealing cycles, and uniform product.—B. G. B. 

An Aspect of the Heat-Treatment of Cast Irons: Softening 
by Annealing. G. Aubrion. (Fonderie, 1955, June, 4563-4572). 
The various softening treatments that may be applied to 
white and mottled cast irons are described and discussed. 
Details are given of softening heat-treatments applied to 
four different castings together with the changes in micro- 
structure and hardness which were produced.—ks. c. w. 

A 450 kw Electric Bell-Type Furnace for Annealing Steel 
Rod. (J. Four Elect., 1955, 64, July-Aug., 135-137). An 
illustrated description of this furnace which can treat 20 tons 
of rod to a maximum temperature of 950° C is given. An inert 
atmosphere consisting of nitrogen with 2 to 5% hydrogen is 
used in the furnace. Examples of annealing and tempering 
curves obtainable are shown.—B. G. B. 


Differential Annealing. A New Technique for Improving 
Deep Drawing. E. G. Maeder. (Engineering, 1956, 181, Jan. 
13, 48-52). The author shows that a deep-drawing circular 
test piece in which the temper varies radially in a controlled 
manner can be cupped and redrawn to a substantially greater 
extent than a uniform circle and that the resulting product 
is more satisfactory. The effect of variations in temper across 
the blank is examined. A differential annealing machine is 
described which has enabled the theory to be confirmed by 
the production of shells with 60% cupping reductions. 

Strengthening of Steels in Intermediate Stages. E. Rossow. 
(Hdrterei-Tech. Mitt., 1944, 8, 143-157). The properties of 
steels obtainable by various heat-treatment processes are 
discussed. The influence of section and alloying elements are 
considered.—R. P. 

Comparison of Surface-Hardening Methods. P. Riebensahm. 
(Harterei-Tech. Mitt., 1944, 8, 63-79). Six methods of surface- 
hardening are compared and the results are shown diagram- 
matically.—R. P. 

The Purpose and Results of Surface-Hardening. H. Miiller. 
(Hdrterei-Tech. Mitt., 1944, 8, 81-90). This problem is 
discussed, using several examples of surface-hardened parts. 
Careful consideration and metallurgical knowledge are neces- 
sary in order to obtain good results.—Rr. P. 
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Flame Hardening. (Metal Progress, 1955, 68, Aug. 15, 
124-131). Methods of flame hardening, the gaseous fuels 
employed and the equipment used are first discussed. Data 
relating to the cost of flame hardening are presented for four 
applications (small gear, cam, ring gear, spur gear). Quenching 
procedures and tempering practice are described. The 
selection of material for flame hardening is reviewed.—B. G. B. 

The Applications of ‘ Sulf-Inuz ’ to Aeronautics. P. Partiot. 
(Métaux-Corrosion-Indust., 1955, 80, Nov., 450-455). This 
technique involves the sulphurization of the surface layer 
of steel followed by heat treatment. The parts so treated 
have self-lubricating properties and surfaces in contact 
can be easily separated.—B. G. B. 

The Surface Hardening of Steel Parts and Progress Made 
with Controlled Nitriding. RK. Lambert. (Rev. Mét., 1955, 52, 
July, 553-558). Nitriding at constant temperature to 
produce an extremely hard surface has been carried out for a 
number of years. The development of controlled nitriding, 
at variable temperatures, to produce a more malleable 
nitrided surface and a more resilient core is discussed. The 
variations in the values of surface hardness according to the 
applied load is also mentioned.—a. E. D. 

Nitriding Baths for Cutting Tools. H. Schaumann. (Hédrterei- 
Tech. Mitt., 1944, 3, 219-230). Treatment of tool steels in 
nitriding baths improves the surface finish and performance. 
The demands made on high-speed steels are discussed. A 
description of the process is followed by considerations of the 
influence of alloying elements. Various variables are investi- 
gated.—R. P. 

Bath-Nitriding of Pressing Tools. H. Miiller. (Hédrterei- 
Tech. Mitt., 1944, 3, 231-234). The method improves the 
performance and properties of pressing tools. The surface 
layer formed by nitriding is hard and often resists annealing. 

New Knowledge Gained in Gaseous Carburization and 
Nitriding. T. Schmidt. (Hdrterei-Tech. Mitt., 1954, 9, (1), 
9-26). The theory and applications of gaseous carburization 
and of three carbo-nitriding methods are discussed. The 
same furnaces can be used for all these processes. No special 
alloys are required for carbo-nitriding as compared with the 
Conditions for controlling the depth of 
chill are stated. (15 references).—R. P. 

Air as a nitriding gas. KR. Knox, Jun. (Metal Progress, 
1955, 68, Nov., 126). Tests show that mild steel can absorb 
nitrogen directly from the air when heated in the high 
temperature austenite region.-—B. G. B. 

Correct Bath Nitriding of High-speed Steel Tools. A. 
Riihenbeck and G. Schiissler. (Metalloberfldche, 1955, 9, 
Nov., 196A—202a4). Details are given of the correct proce- 
dures for bath nitriding high-speed steel tools. For deep 
nitriding a ** broken nitriding ”’ technique is described. The 
nitriding is carried out in stages, the material being held at 
a suitable temperature in a neutral bath between stages. 
A similar method is used for treating re-ground tools. The 
normal technique recommended consists in a preliminary 
heat treatment in neutral salts, followed by grinding and 
nitriding. It is indicated which groups of tools should be 
treated by this process. (22 ref.).—L. D. H. 

Tool Steel Annealing. (Metallurgia, 1956, 58, Jan., 34-36). 
A short description of three batch type annealing furnaces 
fired by town’s gas and installed at Arthur Balfour and Co. 
Ltd. The furnaces are used for isothermal annealing of 
plain carbon, alloy, and high speed tool steels.—n. G. B. 

How to Understand Annealing and Hot Working of Metals. 
8S. Storchheim. (Metalworking Production, 1955, 99, Dec. 23, 
2169-2176). Metallurgical reasons for annealing a _ cold 
worked metal to relieve stresses are explained, together with 
methods of selecting whether hot or cold working should be 
adopted.—m. A. K. 

Bainite Hardening of High-Speed Tool Steels. J. Hoch. 
(Harterei-Tech. Mitt., 1951, 7, (2), 35-46). Experimental 
details for Bainite hardening are given. The results of 
tests carried out in America and in Germany are quoted. 
The process is complicated and expensive.—R. P. 

The Influence of Composition and Initial State on the 
Hardening of Structural Steels. A. Legat and A. Néstelhaller. 
(Harterei-Tech. Mitt., 1952, 8, (1), 9-23). After discussing 
the aims of hardness testing, the authors consider the causes 
for variations in hardenability. The composition, grain 
boundary, and grain size of the steel influence its behaviour 
during the hardening process. It will not be possible to express 
hardness by a universally valid characteristic until an expres- 
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sion for the variation in homogeneity of austenite has been 
found. (11 references).—R. P. 

Primary Hardening. Stabilizing. Annealing. W. Kiint- 
scher. (Hdrterei-Tech. Mitt., 1944, 3, 159-176). Hardening, 
stabilizing, and annealing treatments are discussed. The 
author recommends a combination of all three processes. 

Principles of the Efficient Heat Treatment of Tools made 
from High-speed Steels. H. Springer. (Hdrterei-Tech. Mitt., 
1951, 7, (1), 25-46). Efficient hardening is achieved by 
considering the properties of the high-speed steel in relation to 
available methods of heat-treatment. The results of hard- 
ness testing, temperature, etc., in various plants are dis- 
cussed.—R. P. 

Impressions and Observations in American Hardening 
Plants. W. Stuhlmann. (Harterei-Tech. Mitt., 1951, 7, (1), 
9-24). The author compares American with German 
methods of hardening, carburization, mtriding, and heat 
treatment in general.—R. P. 

Advantages and Disadvantages of “ Bainite ’ Hardening of 
Low-Tungsten High-speed Tool Steels. F. W. Strassburg. 
(Harterei-Tech., Mitt., 1955, 8, (3), 9-23). The isothermal 
transformation diagrams of the steels in question are used 
as a basis for bainite hardening of high-speed steels. The 
transformation of austenite into bainite or martensite is 
accompanied by a small increase in volume, measured by a 
dilatometer. During bainite hardening, martensite formation 
is avoided, the volume change is smaller and internal tensions 
are minimized. Small residual amounts of austenite remain; 
special precautions are necessary. The method is recom- 
mended for complicated tools but not for small, plain ones. 

The Hardening Temperature of Tool Steels and High Speed 
Steels. H. M. Hiller. (Hdrterei-Tech. Mitt., 1952, 7, (3), 
9-27). 
various steels is discussed.—Rr. P. 

What the Time-Temperature Transformation Curves Mean 
to an Engineer in Hardening Plants. W. Stuhlmann. 
(Harterei-Tech. Mitt., 1954, 6, (4), 31-48). The author 
shows how these curves are used, the properties which can 
be predicted from them and their limitations. The diagrams 
and graphs under discussion include those for iron-carbon, 
super-cooling, isothermal transformation and continuous 
cooling. (10 references).—R. P. 

Internal Tension Produced During Hardening of Steel and 
its Significance in the Distortion and Formation of Cracks in 
Hardened Steels. E. Scheil. (Hdrterei-Tech. Mitt., 1955, 
7, (4), 9-27). Measurements were made, using low-carbon 
iron-nickel alloys. Distortions were studied by means of a 
spar model. Thermal strain causes internal cracking whereas 
tensions during transformation produce cracks on the surface. 
Micro and macro cracks appear some time after hardening. 
These defects can be partly avoided by gentle annealing 
immediately after hardening. (12 references).—nr. P. 

Calculations in Hardening Plants. H. Miiller. (Hédirterei- 
Tech. Mitt., 1953, 6, (3), 29-38). Underlying principles for 
calculations are discussed and examples from several firms 
quoted.—R. P. 

Problems in Hardening Large Numbers of Small Parts, 
with Particular Reference to Screws. A. Hancke. (Hédirterei- 
Tech. Mitt., 1953, 6, (3), 9-27). A survey of the technical 
developments for producing hardened screws. Several 
methods are compared and installations described.—r. P. 

Modern Isothermal Heat Treating Methods Reduce Warpage, 
Cracking. B. P. Planner. (Western Metals, 1954, 12, July, 
43-47). The basic transformations occurring in conven- 
tional quenching and tempering are discussed with reference 
to isothermal transformation diagrams and end-quench 
hardenability curves. The several advantages of isothermal 
transformation when applied to production heat treatment are 
reviewed.—P. M. C. 

Method of Determining the Depth of Cementation of Alloy 
Steel by Means of Isothermal Hardening. M. M. Zamyatnin, 
Yu. V. El’tsin and B. I. Zvyagin. (Zavodskaya Laboratoriya, 
1955, 21, (6), 687-692). [In Russian]. By soaking the 
specimen at a constant temperature the boundary of the 
carburised layer at a carbon content depending on the 
temperature is made very distinct. The method is suitable 
for works-laboratory conditions, but is not applicable to 
some low-alloy and carbon steels. Errors due to variations 
in chemical composition within the specified range can be 
allowed for by fixing the bath-temperature according to the 
effect on the position of the martensite point.—s. kK. 
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New Advancements in Hot Salt Quenching. Q. D. 


Mehrkam. (Indust. Heating, 1955, 22, Oct., 1980-1990, 
2210-2213). Methods of austempering and martempering 


are discussed and the addition of 1-2% water to nitrate- 
nitrite salt baths to improve quenching power and an im- 
proved design of salt bath for salt quenching are described 

Austempering Gives 50% Stronger Chain Saw Parts at 
McCulloch Motors. L. B. Reed. (Western Metals. 1955, 18, 
May, 70). Chain saw parts, in 0-80% carbon steel, are now 
salt quenched for 20 minutes at 500° F, as compared with the 
conventional quench to below 100° F followed by tempering. 
This change in procedure has resulted in parts with greater 
toughness and ductility.—P. M. c. 


FORGING, STAMPING, DRAWING, 
AND PRESSING 


Massive Forgings Made Possible by Installation of Schloe- 
mann Press. (B.H.P. Rev., 1955, 38, Dec., 14-16). A 
description is given of the construction, installation and 
operation of the Schloemann hydraulic forge press recently 
installed at the Waratah works of Commonwealth Steel Co., 
Australia. The press can handle ingots up to 150 tons, and 
is producing heavy forgings for gear rings and _ shafts. 

On the Plastic Shaping of Metals. K. W. Michler. (Metall, 
1955, 9, Dec., 1089-1092). Formulae and nomographs for 
the determination of blank dimensions for axially symmetrical 
pressings are quoted, and guidance is given on the choice of 
presses and calculation of loads.—s. G. w. 

Development of Steel Forging Process in Japan. 58. Koba- 
yashi. (Tetsu to Hagane, 1955, 41, July, 762-770). [In 
Japanese]. Although production in 1953 was only 38% of 
the 1940 figure, modern techinques have been introduced in 
recent years, including heat, metallurgical and quality contvol 
systems and ultrasonic inspection. Production methods for 
heavy shafts ete. are described.—k. E. J. 

Investigation of a Friction-Lift Drop Hammer. P. Griiner 
and E. Kraft. (Arch. Eisenhtittenwesen, 1955, 26, Sept., 
507-518). Developments in the construction of hammers in 
Germany and elsewhere are discussed. The authors examine 
the problem of shock on foundations, and discuss the results 
of research on various types of hammer. They describe their 
own tests, which were carried out with three different weights 
of tup under various working conditions, and analyse their 
results.— A. C. 

The Design of Closed-Die Forgings. (Metal Progress, 1955, 
68, Aug. 15, 65-75). A comprehensive discussion of this 
subject is presented. Forging tolerances and allowances for 
subsequent machining and cleaning are considered. Hammer 
forging is primarily reviewed but data relating to hot upset 
forging and hot extrusion forging are included in the discussion. 

Bending and Allied Forming Operations. T. G. Perry. 
(J. Inst. Metals, 1955-56, 84, Mar., 211-216). The metal- 
lurgical factors involved in plain bending, tube bending, 
flanging, and rolling are discussed. The concept of the strain 
hardening exponent is used to provide empirical relation- 
ships for rolling-machine capacities and for buckling criteria 
in bending.—B. G. B. 

Ductility of Unalloyed and Lightly Alloyed Steel During 
Hot Upsetting. K. Fink, W. Lueg and G. Biirger. (Arch. 
Eisenhiittenwesen, 1955, 26, Nov., 655-668). The literature 
of the subject is reviewed, and a method is described for the 
determination of ductility-strain curves in hot upsetting 
under a hammer. Investigations on normalized cylindrical 
test-pieces are reported, and results are given. The effects 
of carbon content and hot working in the « and y states are 
discussed, and the dependence of ductility and re-crystallized 
grain size on the original grain size is indicated.—a. c. 

The Forging and Heat Treating of Tool Steel. (Metu/ 
Progress, 1955, 68, Aug. 15, 151-157). The general procedures 
for forging and heat treating tool steels are outlined. Informa- 
tion on the heat treatment of over 90 specific American tool 
steels is presented in tabular form.—s. G. B. 

Recent Accidents with Large Forgings. EE. E. Thum. 
(Metal Progress, 1956, 69, Feb., 49-57). The case history of 
the failure in service of 4 large forged rotors is presented. 
Two failures were due to unduly high stress concentrations 
introduced by the design or by a repair. The other two 
failures were due to misinterpreting or minimizing the evid- 
ence of internal defects found by ultrasonic inspection. 
Methods of preventing such failures are discussed.—n. G. B. 

Continuous Line Stamps, Welds Housings Faster. H. Chase. 


OCTOBER, 1956 








(Iron A 
introdu 
design 
stampi 
coils ai 

Theo 
mann | 
1452-1 
mental 
conjun 
groove 
fixed s) 
the thi 
practice: 

Rese: 
(Tetsu i 
Drawin 
drawin; 
diamete 
From o 
the eq 

West 
150,000 
A brief 
drawing 
Co., Lo 
can be 
160 ft. 


1367). 
detined 
applicat 
There f 
various 
on the 
applicat 
accelera 
Facto 
sion, wi 
T. C. Mil 
1297). 
structur 
lime is ¢ 
formatic 
are quot 
on coils 
in exces 
this forn 
Extru 
(Metal I 
use of g 
chamber 
process ji 


43-45). 
subseque 
discussec 
lubricati: 
pickle, ¢ 
Bonderit 
and fina 
reactive 
Detern 
the Desi; 
Motors 
involved 
briefly a 
involves 
heavy-we 
laid dow: 
Sept.—Oc 


Investi: 


the influ 


OCTOBE 





ED: 
-1990, 
pering 
itrate- 
n im- 
ed. 

rts at 
5, 18, 
e now 
th the 
ering. 
reater 


G, 


chloe- 
3), A 
1 and 
cently 
al Co., 
s, and 
ifts. 

Vetall, 
hs tor 
etrical 
vice of 


Koba- 

{In 
3% of 
ced in 
ontrol 
ds for 


rruner 
Sept., 
ers in 
amine 
results 
> their 
eights 
. their 


1955, 
f this 
‘es for 
ymmer 

upset 
ission. 
Perry. 
metal- 
nding, 
strain 
jation- 
riteria 


uring 
(Arch. 
rature 
or the 
etting 
idrical 
effects 
es are 
allized 


(Metal 
edures 
‘orma.- 
n tool 


Thum. 


ory of 


ented. 
‘ations 
r two 
 evid- 
ction. 
G. B. 
Chase. 


1956 





ABSTRACTS 229 


(Iron Age, 1956, 177, Feb. 23, 90-93). The production scheme 
introduced when General Motors Co. (Buick) adopted a new 
design for rear axle housings is described. The integrated 
stamping and welding line handles 0-18 in. thick steel from 
coils and automatically produces 120 housings per hour. 

Theoretical Considerations in Tube Drawing. F.-W. Neu- 
mann and D. Hancke. (Stahl u. Eisen, 1955, 75, Nov. 3, 
1452-1460). An equation is developed using the funda- 
mental assumptions of plastic forming. This is used in 
conjunction with equilibrium considerations to calculate 
groove dimensions for reducing rolls with both adjustable and 
fixed speeds. Mathematical determination of the length of 
the thickened tube ends is also attempted. Theoretical and 
practical results are compared.—a. Cc. 

Research on Drawing of Steel Tubes. T. Okamoto. 
(Tetsu to Hagane, 1955, 41, Dec., 1252-1258). [In Japanese]. 
Drawing and plug stresses are examined for the cases of 
drawing to a smaller wall thickness with constant internal 
diameter, and of reducing both wall thickness and diameter. 
From observed results, additional terms are introduced into 
the equations describing the process. (20 references). 

West’s Largest Steel Tube Drawbench at Pacific Tube Has 
150,000-Ilb Pull. (Western Metals, 1954, 12, Mar., 48-49). 
A brief description with illustrations is given of a new tube 
drawing plant by Aetna-Standard, installed at Pacific Tube 
Co., Los Angeles. Steel tubing with = O.D. up to 6$ in. 
can be drawn in lengths up to 52 ft. A drawing speed of 
160 ft. per min. can be attained on carbon steel tubes of 
3} in. O.D. by 3 in. wall thickness.—p. M. « 

Reel Drive Selection. R. K. Larson. (Wire and Wire 
Prod., 1955, 30, Oct., 1167-1177, 1291-1292; Nov., 1359- 
1367). The main types of reel drives and their control are 
defined and examples of design described, with particular 
application to take-up and pay-off reels in wire production. 
There follows a listing of characteristic performances of the 
various types of drives, of typical requirements, and guidance 
on the selection of the most suitable types for different 
applications. Finally, special design problems, e.g. of 
acceleration and deceleration, are discussed in detail. 

Factors affecting the Characteristics of Ca(OH), in Suspen- 
sion, with Special Reference to the Wire-drawing Industry. 
T.C. Miller. (Wire and Wire Prod., 1955, 30, Oct., 1212-1218, 
1297). Data are presented on the changes in the physical 
structure of Ca(OH), under mill conditions. Freshly slaked 
lime is a more suitable lubricant carrier than hydrated lime; 
formation of coarse crystals is to be avoided. Experiments 
are quoted from which it is evident that crystal growth occurs 
on coils of wire or other submerged bodies with temperatures 
in excess of 103° C. By admitting live steam to the bath 
this formation of crystals can be avoided.—s. G. w. 

Extruding Metal with Glass Lubricants. J. Delcroix. 
(Metal Progress, 1956, 69, Jan., 57-60). A description of the 
use of glass as a lubricant between the hot billet and the 
chamber and die in an extrusion press in the Ugine-Séjournet 
process is given.—B. G. B. 

Troubles with Cold Extrusion May be Traced to Lubrication. 
J. F. Leland and J. W. Helms. (S.A.E.J., 1954, 62, Nov., 
43-45). The application of phosphate coatings to facilitate 
subsequent cold extrusion of metals, including steel, is 
discussed. Brief details are given of a suitable coating and 
lubricating cycle comprising alkali cleaning, water rinse, acid 
pickle, cold water rinse, hot water rinse, phosphating in 
Bonderite bath, water rinse, neutralizing rinse in Parcolene 20, 
and finally, application of lubricant in Bonderlube 235 
reactive lubricant bath.—P. . c. 

Determine the Interference Fit and Resulting Stresses in 
the Design of a Cold Extrusion Die. ©. R. Bradlee. (Gen. 
Motors Eng. J., 1955, 2, July—Aug., 38-39). Problems 
involved in the design of cold extrusion dies are discussed 
briefly and a problem is put forward for solution which 
involves the calculation of the stresses in a die treated as a 
heavy-walled cylinder. A number of fixed conditions are 
laid down, and the solution of this problem is given in the 
Sept.—Oct. issue of this journal.—kr. a. c. 


ROLLING-MILL PRACTICE 


Investigation of the Influence of Different Factors on Roll 
Pressure, Energy Consumption, Spread and Forward Slip in 
Hot-Rolling. G. Wallquist. (Jernkontorets Ann., 1955, 
189, (12), 923-1030). [In English]. An account is given of 
the influence of steel composition, temperature, reduction 
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and material thickness on roll pressure, energy consumption, 
spread and forward slip. Sixteen steels were studied in an 
experimental mill, the temperature range being 800-L100° C. 
The pass re 1% tions were 10), 20, 30 and 40%, and the material 
widths 2-5, 5, 10 and 20 mm.—«. G. K. 

Moh i Snne: ——- 's Promise of Self-Sufficiency. (rit. 
Steelmaker, 1956, 22, Jan., 20-22, 24). Details and illustra- 
tions are given of the three main rolling mill units supplied 
by Davy & United Engineering Co. Ltd. to the new Moh i 
Rana plant in Norway. The units are a 48 in. 108 in. 
high-lift reversing blooming and slabbing mill, a 32 in. two- 
high reversing three-stand structural mill, and a complete 
19-stand Morgan combination merchant bar, wire rod, and 
strip mill.—c. F. 

Cold Rolling Properties of Transformer Steels Containing 
More than 3:3% Si. F. Lihl and P. Zemsch. (Arch. Eisen- 
hiittenwesen, 1955, 26, Oct., 599-602). The limits of deforma- 
tion of a steel containing 4-3% Si and 0- 25% Al are indicated. 
Experiments in the rolling of pre-heated alloys are described. 
The conditions for the malleability of high-silicon transformer 
steels, and the influence of rolling speed and cleanliness on 
grain size and orientation, are among other matters discussed. 


Impressions of a Visit to American Rolling Mills (excluding 
Strip and Sheet Mills). P. Foulle. (Centre Doc. Sidér., Cire. 
Inform Tech., 1956, 18, (1), 169-176). Blooming mills and 
section, bar, and rod mills are described. It is particularly 
noted that there is ye reheating and quicker roll changing 
than in Europe.—t. E. 

One Failure of Tafel’ s Method. G. K. Gedevanishvili. 
(Stal’, 1955, (7), 651). [In Russian]. A recently suggested 
failure of the Tafel method of calculating extension during 
rolling is briefly examined and disproved.—s. k. 

Rational Design of Finishing Round Passes. V. A. Khorosh. 
(Stal’, 1955, (4), 342-346). [In Russian]. Various methods 
at present used for the design of round passes for finishing 
round sections are critically reviewed and a rational procedure 
for pass design is proposed. including factors influencing the 
constancy of adjustment. The analysis leads to four rules 
for pass design and a worked example is given.—s. K. 

Design of Round Passes for High Quality Steel. S. G. 
Nekrasov. (Stal’, 1955, (4), 339-342). [In Russian]. The 
finishing hot rolling of round sections to close tolerances and 
to obtain high-quality surfaces is discussed. These require- 
ments can be met without changing rolls for a wide range of 
steels by using a finishing psss slightly widened along the 
horizontal axis. The theory of the operation of such rolls 
is considered. The use of this design is said to increase 
roll life and productivity and to decrease rejects.—s. kK. 

The 11 in. Rod Mill at Jones and Laughlin’s Aliquippa 
Plant. N. A. Hansen. (lron Steel Eng., 1955, $2, Aug.. 
90-93). Details are given of a new 11 in. rod mill consisting 
of 8 stands in the roughing train, 8 stands in the intermediate 
train and 6 stands in the finishing train. The unit is designed 
for speeds up to 6400 f.p.m. Roll outputs of 1180 tons per 
day, 491 tons per shift and 24,500 tons per month have been 
achieved. Rod sizes range from 0-218 in. to $$ in.—xm. D. J. B. 

Investigation of the Working Conditions of a Mediuim-Sheet 
Mill. N. A. Chelyshev. (Stal’, 1955, (5), 440-444). [In 
Russian]. Experiments carried out on a medium sheet mill 
with two three-high stands are reported. From the obser- 
vations of power consumption and the reductions achieved in 
the various processes an improved system has been devised. 

Progress in Rolling of Flat Steel in Japan. SS. Uchikawa. 
(Tetsu to Hagane, 1955, 41, July, 744-756). [In Japanese}. 
An account is given of improvements and new plant installed 
since 1946 for producing sheet, plates, — sheet, 
normal and electrolytic tinplate, etc.—k. E. 

New Strip Mill Opened at Port Kembla. (c ‘he m. Eng. Min. 
Rev., 1955, 48, Nov., 37-41). An illustrated account is given 
of this new mill — = a capacity of 1,500,000 tons of 
coiled strip a year.—B. 

The atrcmenielion of a 14-inch Experimental Rolling 
Mill. S. 8S. Carlisle and G. W. Alderton. (Proc. Inst. Elect. 
Eng., Preprint M 1933, 1955, Nov.). The instrumentation 
scheme applied to the new 14-in. experimental mill at the 
Sheffield laboratories of B.I.S.R.A. is described in detail. 
Roll force, front and back tensions and strip gauge are con- 
tinuously indicated on servo-operated potentiometric indi- 
eators, using the B.1.8.R.A. gaugemeter principle. E axpe ri- 
mental work has been done on automatic gauge control, and 
it has been shown to be possible to operate a system of on/off 
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control of the existing a.c. screw motors. Possibilities of 
continuous gauge control, with simultaneous gauge-error 
indications are discussed.—t. D. H. 

The Effect of Adding Molybdenum on the Life of Chilled 
Cast Iron Rolls used for Hot-Rolling Thin Steel Strip. M. 


Honzik. (Hutnické Listy, 1955, 10, (12), 720-725). [In 
Czech]. Additions of molybdenum in excess of 0-:3% were 


found beneficial, as they reduced wear and internal stresses 
of the chilled, hard, surface.—p. F. 

New Combined Multi-Roll Mill for Rolling Thin Strip. A. I. 
Tselikov, A. A. Korolev and N. P. Zhetvin. (Stal’, 1955, 
(3), 238-243). [In Russian]. Roll-arrangements for the 
rolling of thin (0- 1-0-2 mm) and very thin (0:01-0:05 mm) 
strip from carbon and alloy steels are discussed, the disadvan- 
tages of those used at present in the U.S.S.R. being considered. 
A new multi-roll mill is described, in which one of the working 
rolls is considerably larger than the other. The construction 
and operation of a prototype are outlined, some results being 
given. These show that great increases in productivity can 
be expected from the use of the new type of mill.—s. K. 

Sheet Steel Manufacture: Capacity Rating of Modern 
Continuous Strip Mills. J. H. Mort. Tron Steel, 1955, 28, 
Nov. 30, 548-554). The author indicates the necessity for a 
yardstick by which the capacities of hot and cold mills 
may be measured. He submits methods and formulae 
which enable the capacity rating of any mill to be equated 
with capital outlay and production costs, and which facilitate 
comparisons to be made between its performance and that of 
other mills, irrespective of size. Examples of the procedure 
in applying the formulae are presented.—e. F. 

Electrical Equipment of a Four-Stand Strip Mill in Mon- 
mouthshire. P.C. Dannatt. (Hngineer, 1955, 200, Sept. 30, 
474-475). This article describes the 4-stand tandem cold 
strip mill at the Newport Works of the Whitehead Iron and 
Steel Co. Ltd. The mill is designed to operate at speeds up 
to 2000 ft. per minute and to roll 14 in. wide strip down to 
0-03 in.—m. D. J. B. 

A Study of Cold Rolling. M. Massin. (Centenary Congress 
of the Société de ’ Industrie Minérale, June, 1955, Sce3, 1-12). 
An account is given of the principles, equipment and pro- 
cedure of a method of thermal analysis for studying the 
latent energy of cold rolling. This laboratory method is 
essentially a form of differential thermal analysis and its 
application is demonstrated by a number of examples.—k. c. 

Rolling Repeated Shapes. S. N. Filipov. Stal’, 1955, 
(8), 727-729). [In Russian]. The use of rolling methods 
as aid or substitute for the stamping of shapes is discussed. 
The effects of operating factors on the constancy of dimen- 
sions of the product are dealt with, and operating methods 
are briefly considered.—s. K. 

Electrical Control for the Processing of Transformer Core 
Steel. E. F. Boening and J. Kostelac. (Blast Furn. Steel 
Plant, 1956, 44, Feb., 199-206). A description is given of 
the control equipment for the rolling of grain orientated 
silicon steel sheet at the Midland Works of Crucible Steel Co., 
U.S.A.—B. G. B. 

Automatic Gauge Control Applied to Cold Reduction Mill. 
W. E. Miller. (Blast. Furn. Steel Plant, 1956, 44, Jan., 
61-63). A short account of an X-ray type automatic gauge 
control fitted to a 5-stand tandem strip mill at the Irvin 
Works of United States Steel Corporation is given.—B. G. B. 

Production of Cold Rolled Transformer Steel. N. I. Sheftel’. 
(Stal’, 1955, (7), 635-637). [In Russian]. The properties 
required of transformer steel are discussed in relation to its 
production, with special reference to the cold-rolling process. 
In cold-rolling the controlling factor together with heat 
treatment was found to be the total reduction in the final 
rolling to the required dimensions. Present production 
methods are discussed and suggested lines of research, includ- 
ing the production of metal with lower sulphur, oxygen, and 
nitrogen contents, decarburization and continuous heat treat- 
ment, are enumerated.—s. K. 

On the Rational Technology for the Production of Cold- 
Rolled Auto Sheet. G. D. Rogoza. (Stal’, 1955, (7), 616—- 
621). [In Russian]. The production of steel for the car 
industry and its hot and cold rolling are discussed. Optimum 
conditions are listed.—s. kK. 

West’s First Sendzimir Reversing Mill Cold Rolls Super- 
Thin Strip. J. E. Lewis. (Western Metals, 1955, 18, Sept., 
51-53). The first cluster type Sendzimir mill in the Western 
U.S.A, has been installed at Calstrip Steel Corp., Los Angeles. 





JOURNAL OF THE IRON AND STEEL INSTITUTE 


The mill will roll ferrous and non-ferrous strip down to 
0-005 and 0-003 in. gauge and 13 in. widths. Tolerances 
can be held to + 0-001 in. Incoming stock is 0-125 in, 
thick in coils weighing up to 3400 lbs. The main features of 
the mill and its associated roll grinding facilities are described. 

Roll-Forming. H. Pelphry. (Aircraft Prod., 1955, 17, 
Nov., 466-470). The Roto-Flo process for cold rolling of 
teeth and splines is described and illustrated. The advantages 
are discussed.—tT. E. D. 

Manufacture of Cold Formed Structural Sections. (Engincer, 
1955, 200, Aug. 19, 263-264). Details are given of the 
method of manufacturing cold-formed portal frames, as 
carried out by Metal Sections Ltd.—m. D. J. B. 

The Modern Pilger Mill. J. M. MacKinnon. (Anvil, 1955, 
3, Summer Issue, 4-7). A description is given of a new pilyer 
mill installed at the Calder Works of Stewarts & Lloyds Lid. 
It is designed to produce tubes up to 10 in. dia. and 80 ft. long. 

Experimental Determination of Stresses in a Type KhPT-75 
Cold-Rolling Tube Mill. V. 1. Sokolovskii and V. 8. Gashukovy. 
(Stal’, 1955, (3), 247-251). [In Russian]. An account is 
given of an investigation of stresses in the critical parts of a 
moving-stand mill when rolling tubes of various steels under 
a variety of conditions. The transducers used were designed 
to give correct indication of stress even when their loading 
was somewhat eccentric. The pressure on the rolls during 
forward movement of the stand was found to be practically 
independent of the frequency of movement (in the range of 
60-70 per minute) and the nature of changes during move- 
ment was very similar in either direction. From these and 
other results suggestions for improved working are deduced. 

Electrical Drive Systems for Modern Rolling Mills. E. H:- 
Browning. (Blast Furn. Steel Plant, 1956, 44, Mar., 299-303). 
A review of modern electric drives is presented and com- 
parison with earlier types is made.—B. G. B. 

Magnetic Amplifiers for Rapid Control of Rolling Mill 
Drives. (Stahl u. Eisen, 1955, 75, Dec. 1, 1645-1646). 
Letters to the Editor from Gustav Lemcke and Max Syrbe 
on the paper by Joachim Wetzger in ‘ Stahl u. Eisen,” pp. 
478-85, are reproduced, and Herr Wetzger replies to the 
points raised.—a. Cc. 

Electrical Equipment of Temper Mills. S. A. G. Emms 
and G. F. Morgan. (Elect. Rev., 1955, 157, Dec. 30, 
1245-1251). The electrical drives and controls of single and 
two-stand sheet temper mills are described in detail.—t. D. x. 

Problems of Control in Modern Rolling Mills. H. Mathiot. 
(Centenary Congress of the Société de V Industrie Minérale, June 
1955, Sel, 1-14). The application of servo-mechanisms in 
mill operation and motor control is discussed. Various types 
of servo-mechanisms are described and examples of their use 
are given.—F. C. 

Photothyratron Indicator of the Position of Work Being 
Rolled. 8S. V. Svechnikov. (Stal’, 1955, (7), 658-660). [In 
Russian]. The design and uses of a robust device developed 
for automation purposes in rolling mills are described. The 
device is based on a combination of photo-cell and thyratron 
and indicates the position of the material being rolled.—s. k. 

New Plate-Working Machines. (Brit. Eng., 1956, 88, Feb., 
284-286). Details are given of new five-roll plate-levelling, 
and plate bending and straightening machines, made by 
Joshua Bigwood & Son, Ltd. The former has two alternative 
sets of rolls, for heavy, narrow plates and light, wide plates, 
respectively.—k. E. J. 

Slitting Highly-Finished Stainless Steel—Precision Cutting 
Followed by Inspection. (Engineering, 1955, 180, Oct. 14, 
542-544). This article describes a precision pull-through 
slitting machine specially designed to ensure that there is 
no damage done to the highly-finished surface of stainless 
steel strip. The machine was designed and built by W. H. A. 
Robertson & Co. Ltd. for the Shepcote Lane works of Firth 
Vickers Stainless Steels Ltd.—m. D. J. B. 

High-Speed Straightening of Steel Tubes. Large Diameter 
Range and Automatic Operation. (Hngineering, 1955, 180, 
Oct. 28, 606-607). The article describes a machine, claimed 
to be the largest in the country, for straightening tubes. 
It will be used in the production of high-grade, hot-finished 
steel tubes for oil pipelines, and is designed to operate over a 
diameter range of 3 in. to 15 in.—. D. J. B. 

Use of Manipulators on the Back Side of a Blooming Mill. 
B. M. Shum. (Stal’, 1955, (3), 243-246). [In Russian]. 
Data are presented showing the advantages of manipulation 
on the back as well as the front side of a blooming mill. 
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The application of manipulation for various operations is 
considered and the design of manipulators is touched on. 

Performance Factors Affecting Bar Mill Cooling Bed 
Arrangement. E. C. Peterson. (Iron Steel Eng., 1955, 32, 
July, 65-74). This paper discusses cooling bed capacity 
and particularly the ability of the bed to discharge bars from 
the mill run out table, the ability of the bed to cool the mill 
production and the ability of the cold bar shear to dispose of 
the cooled bars.—m. D. J. B. 

Electric Overhead Travelling Cranes. S. Maia. Costruzioni 
Met., 1955, '7, Mar-Apr., 17-25). [In Italian]. This paper 
describes developments in the structural design, mechanics 
and electrics of E.O.T. cranes in the U.S.A. Reference is 
made to specifications, working conditions and maintenance 
requirements. The author’s conclusions are that, generally 
speaking, equipment is considerably heavier and more 
robustly designed in the U.S.A. than in Europe. (8 
references).—M. D. J. B. 

Steelworks Electric Overhead Travelling Cranes. (Engineer, 
1955, 200, Oct. 21, 591-592; Oct. 28, 615-616). A detailed 
account is given of a conference on steelworks cranes arranged 
by the British Iron & Steel Research Association at Harro- 
gate on Oct. 5 and 6. Abstracts of the papers read are 
given, together with brief reports of the discussions. 

Kilovar, Kilowatt and Voltage Control in the Steel Industry. 
L. G. Levoy. (Iron Steel Eng., 1955, 32, July 81-87). This 
article covers the fundamental considerations of kilovar, 
kilowatt and voltage control, without going into circuit 
details. (5 references).—m. D. J. B. 

Cooling Towers for Steel Plants—Why, When, Where and 
How.—H. E. Degler. Jron Steel Eng., 1955, 32, July, 105- 
112). This article describes water requirements for steel- 
works, water supplies, methods of conserving water, cooling 
systems, mechanical and natural draught towers, and 
methods of operating and maintaining equipment.—m. D. J. B. 

Synchronous Condensers for Steel Mill Service. KE. I. 
Pollard. (Iron Steel Eng., 1955, 32, July, 129-134). The 
author shows that the synchronous condenser, either alone 
or in combination with a buffer reactor or a series capacitor 
or both, can provide an effective method of keeping voltage 
flicker due to reactive load swings of an electric are furnace 
within acceptable limits. (7 references).—M. D. J. B. 

Cold Roll Forming. E. J. Vanderploeg. (lron Steel Eng., 
1955, 32, Oct., 76-80). The author describes a process of 
forming metal from sheet, strips or coiled stock, into shapes of 
uniform cross-section, by feeding the stock longitudinally 
through successive pairs of rolls, each pair of rolls progressively 
forming the stock until the finished cross section is produced. 

Design and Construction of Transformers for the Steel 
Industry. W. W. Renburg. (Iron Steel Eng., 1955, 32, 
Oct., 66-75).—This paper presents some of the most import- 
ant problems encountered by the transformer designer and 
discusses the most effective methods of solving these. 
(6 references).—M. D. J. B. 

Function of the Engineering Department in a Steel Plant. 
F. C. Schoen. (Jron Steel Eng., 1955, 82, Oct., 59-63). The 
author discusses the best means of organizing and adminis- 
trating an engineering department in a small to medium sized 
steel plant employing from 1000 to 5000 men.—mn. D. J. B. 

Protective Devices on Ore and Coal Bridges. %. Tatalovich. 
(Iron Steel Eng., 1955, 32, Oct. 97-103). Protective devices 
on long travel, trolley, apron hoist, bucket hoist and hopper 
mechanism are described in some detail.—m. D. J. B. 

Selection of Spares for a Steel Plant. KR. Boyer. (ron 
Steel Eng., 1955, 32, Sept., 111-112). The author discusses 
the problems that arise when the initial spares are being 
purchased to maintain new steel plant equipment. The 
solution is to carry the minimum amount of spares compatible 
with safe working. -M. D. J. B. 

Overhead Crane Maintenance. G.T. Raubach. (ron Steel 
Eng., 1955, 32, Sept., 99-102). The author discusses the 
essential steps to be taken to ensure good crane maintenance. 
The importance of gantry alignment, reliable power supply, 
inspection, lubrication and adjustment of mechanical and 
electrical components are stressed.—M. D. J. B. 

Power and Control Cables for Steel Mills. E. D. Youmans. 
(Lron Steel Eng., 1955, 82, Sept., 81-87). A review is made of 
various types of power cable suitable for voltages over 5000, 
from 2000 to 5000 and below 2000.—xm. D. J. B. 

A New Concept in D-C Motor Design. R. A. ge and 
W. R. Hough. (Jron Steel Eng., 1955, 32, Aug., 82-84). 
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The authors make a quick review of recent developments in 
D.C. motor design, for use in steelworks. The better accelera- 
tion and available torque characteristics of motors with 
dynamic response are discussed.—m. D. J. B. 

Hot Scarfing with a Mechanical Bloom Turner. A. B. 
Glossbrenner. (/ron Steel Eng., 1955, 32, Aug., 77-80). 
The author describes a new hot scarfing machine recently 
installed at the Timken Roller Bearing Co. which has resulted 
in a 100% increase in Henan requiring only 50° of the 
previous manpower.—m. D. B. 

An Analysis of Wheel Saeed on Ore Bridge Main 
Trolleys. B. M. Osojnak. (ron Steel Eng., 1955, 82, Aug., 
70-76). This article describes a spring suspension system 
for ore bridge trolleys similar to that adopted in railway 
practice for handling high axle loads. The system is claimed 
to reduce maintenance and lubrication.—xm. D. J. B. 

Hydraulic Systems on Charging Machines and Manipulators. 
R. S. Bogar. (Iron Steel Eng., 1955, ,» Aug., 57-68). 
This paper describes the hydraulic open-hearth charging 
machines in two plants. The problems experienced are 
representative of most of the problems common to hydraulic 
machines. Brief consideration is also given to 3 axle plant 
manipulators, one axle plant charger and one plate mill 
charger.—M. D. J. B. 

Non-Flammable Fluids as Applied to the Steel Industry. 
C. R. Schmitt. (Jron Steel Eng., 1955, 32, Sept., 128-132). 
The author discusses the merits of non-inflammable fluids 
which are chemically different from petroleum hydraulic 
fluids. Applications in the iron and steel industry are 
listed.—mM. D. J. B. 

Problems in Operating and Maintaining Steel Plant Equip- 
ment. J. F. Oehler. (Iron Steel Eng., 1955, 32, Se pt., 
119-122). This paper discusses some of the general and 
specific problems that arise in the operation and maintenance 
of steel plant equipment. Stress is placed on the need for 
close co-operation between the production and maintenance 
departments.—mM. D. J. B. 

Instruments ™ Rolling Mills and Steel Works. P. R. A. 
Briggs. (Anvil, 1955, 8, Christmas Issue, 8-10). A very brief 
description of meters designed for testing loads on rolling 
mills and cranes is given.—R. G. B. 

Smog Control Near 100°, for Steel Mills and Foundries. 
M. A. Brower. (Western Metals, 1954, 12, Jan., 48-50). 
The problem of air pollution in Los Angeles County is dis. 
cussed, and the great progress made since 1953 is reviewed. 
The use of electrostatic precipitators and bag houses has 
reduced pcllution emissions by about 95°%.—pP. M. ec. 


MACHINERY FOR IRON AND 
STEEL PLANT 


Maximum Permissible Stresses in Crane cogary ye Certain 


European Specifications. W. Lo Varco. (Acciaio Cos 
truzioni Met., 1955, 7, Sept.-Oct., 29-37). [In italian|. 
The author compares the permissible stresses tested in 
French, German, Italian, and British specifications for crane 


structures designed in ordinary and high tensile steels. 

Intercommunication in the Iron and Steel Industry. J. D. 
Damper. (lron Coal Trades Rev., 1955, 171, Dee. 23, 1525 
1531; Dec. 30, 1583-1590). A survey is given of the various 
means of intercommunication at the disposal of steelworks 
operatives. Descriptions are given of electronic systems, 
line communications, carrier current systems, telesonic and 
radio units, television, loudspeakers, telemeters, and pneu- 
matic tube systems. Applications of many units are illus- 
trated, and factors to be considered when selecting a suitable 
system are discussed.—G. F. 

There Are Indirect Benefits from a Furnace Fume Collector. 
E. F. Anderson. (Ff foundry, 1955, 88, Se pt., 152-153). 
A brief description is given of a fume collector fitted to a 
small electric are furnace and the incidental advantages 
arising from its installation are briefly summarized.—-s. c. w. 

Continuous Thickness-Tolerance Measurement in Industry. 
N. A. S. J. Kootstra. (Process Control Automat on, 1955, 
2, Aug., 303-306). An electronic instrument is described 
by the use of which deviations in thickness of thin sheet or 
wire can be measured during manufacture without disturbing 
production. The material is led between two rollers, the 
upper one being movable and spring-loaded, and connected 
to an inductive displacement pick-up. The instrument is 
set to a nominal desired thickness, and deviations are detected 
by disturbing a bridge circuit. + or — deviations are read, and 
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signal lamps light up if the required tolerance is exceeded. 
An automatic record is possible, the movement of the 
recording paper being controlled by a pick-up to match the 
feed rate of the manufactured product.—t. D. H. 

Development in Thickness Gauges and Allied Instruments. 
J. L. Putman. (Process Control Automation, 1955, 2, Nov., 
417-421). The present state of development of dimension 
gauges based on the use of beta and gamma radiators and 
neutron emitters is outlined. (13 references).—L. D. H. 

Some Process Control Problems in the Steel Industry. 
B. O. Smith and A. P. H. Jennings. (Process Control. 1954, 
1, Oct., 13-19). Instrumentation and control are described 
as applied to roof temperature, air/fuel ratio and pressure 
control in the open-hearth furnace, measurement and control 
of zone temperature; air, gas and oil flow, furnace pressure 
and recuperator temperature in reheating furnaces; and 
radiation gauging and B.1.S.R.A. automatic gauge control 
in sheet and strip rolling mills.—1L. D. H. 

Measurement and Control of Weight—Some Modern 
Methods. (Instrument Practice, 1955, 9, Dec., 1152-1158). 
The use of load cells of various types for continuous weighing 
and automatic control is described.—t. D. H. 

Locomotives for Heavy Industry. C. Wordsworth. 
(Engineer, 1955, 200, Dec. 23, 907). The author discusses 
the requirements of heavy duty steelworks locomotives and 
the relative merits of conventional steam locomotives. 
Diesel mechanical transmission, eleccric and hydraulic trans- 
mission are considered in some detail.—mM. D. J. B. 

Rail-less Materials Handling in the Iron and Steel Industry. 
G. A. Cewrien. (Blad Berg. Vanner, 1955, 31, 2, 311-374). 
{In Swedish]. After brief details of arrangements made in 
American factories, the author discusses cost reductions 
inherent in the introduction of mechanical handling. The 
article is illustrated by 66 photographs showing the use of 
mechanical handling equipment in various Swedish steel- 
works.—G. G. K. 


LUBRICATION 


Application of Industrial Lubricating Oils. A. M. Craig. 
(Sci. Lubrication, 1956, 8, Jan., 11-16). A brief review is 
made of non-centralized and centralized (manual and non- 
circulating and circulating automatic) lubrication systems, 
including that for pressure lubrication of cold rolling mills. 

Trend and Development of Lubricating Engineering in 
Modern Iron and Steel Industry. H. Tonomura. (Tetsu 
to Hagane, 1955, 41, July, 813-817). [In Japanese]. A 
review is made, mainly concerning rolling mills, of oil-film 
bearings, central greasing systems, plastic laminated bearing 
and gear lubrication. Most modern works in Japan now have 
a maintenance department dealing with lubrication problems; 
the dangers of neglect of lubrication are stressed.—k. E. J. 


WELDING AND FLAME-CUTTING 


Welding Practice in Blast-Furnace Construction. N. E. 
Gorozhaninov. (Stal’, 1955 (5), 467-468). [In Russian]. 
The organization of work in the welding of the shell of a 
1386 cu. m. blast furnace is described. The organization 
adopted enabled the productivity of the welders to be 
increased considerably and the construction-time to be 
decreased without sacrifice of weld quality.—s. k. 

The Problem of Fatigue in Welded Components. Z. Garcia 
Martin. (Cien. Teen. Solda., 1955, %, Nov.—Dec.). [In 
Spanish]. A review of the problems and causes of fatigue 
failure is given, with particular reference to stress-raisers, 
safety factors and design. Information is given concerning 
the fatigue behaviour of butt welds in a Spanish steel and, 
briefly, it is shown that good welds give the material a 
fatigue resistance which is as good as, or better than, the 
base metal, and that unmachined welds have a fatigue 
resistance of about 37% less.—p. s. 

Welding of Heat-Resisting Steels and New Possibilities of 
Application. E. Kauhausen. (Grosse Schweisstechn. Tagung, 
Frankfurt, 1955, 10-16). The weldability of a number of 
ferritic and austenitic steels was investigated. A metallo- 
graphic examination gave evidence of microcracking in weld 
metal. It is shown that ferritic steels can be satisfactorily 
welded when care is taken with pre-and post heating. Aus- 
tenitic steels are more difficult to weld.—v. E. 

Fumes and Gases Developed during Welding with Lime- 
Electrodes. K. Kellermann and G. Lehmann. (Grosse 
Schweisstechn. Tagung, Frankfurt, 1955, 7-9). The effect of 
fumes and gases, which develop when welding with basic 
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lime electrodes, on the health of the operator is discussed, 

Hardfacing Applications in the Iron and Steel Industry. 
M. Birkhead. (Welding Metal Fab., 1956, 24, Jan., 25-32). 
The hardfacing of engineering equipment in melting shops, 
rolling mills and other parts of the iron and steel industry 
is discussed.—v. E. 

The Argonarc Welding Process. (Jorch, 1955, Autumn 
Issue (7), 10-13.). The principles and applications of the 
argonarce process are discussed.—v. v. 

Steel Pipe Production Plant. (Welding Metal Fab., 1956, 24, 
Jan., 22-24). The extensive use of heavy presses and 
automatic are welding is discussed with illustrations.—v. Fr. 

Temper Brittleness of 1% Cr—}% Mo Weld Metal. W. J. 
Lester and G. R. Prescott. (Welding J., 1955, 84, Nov.. 
553s-557s). An investigation is described which dealt with 
weld failures in one of the first 1 Cr—} Mo catalytic cracking 
reactors constructed. Properties of 1 Cr—} Mo welds made 
with several types of electrodes are reported and it was 
found that temper brittleness was the cause for the failure 
of 1 Cr—4 Mo weld deposit.—v. E. 

Investigation of Weld-Metal Cracking in High-Strength 
Steel. KR. P. Sopher, A. J. Jacobs and P. J. Rieppel. (Wel//- 
ing J., 1955, 34, Nov., 544s-552s). An apparatus is des. 
cribed for studying the basic causes of cracking in high strengt}! 
weld metals. Hot tension properties and _ hot-cracking 
resistance of steels of variable compositions were studied. 
It was found that in SAE 43XX-type weld metals an 
increase in carbon, sulphur, and phosphorus contents have an 
adverse effect on hot tension properties and hot cracking 
resistance. A slight but definite association was shown to 
exist between the presence of intergranular eutectics in the 
tension specimens and poor hot ductility.—v. E. 

Lithium Additions to Brazing Alloys. N. Bredzs and 
D. Canonico. (Welding J., 1955, 34, Nov., 535s-543s). 
By comparing some chemical and physical properties ot 
lithium with the properties of some other strongly deoxi- 
dizing metals, it is shown that lithium appears to be the most 
suitable metal for developing self-fluxing brazing alloys. 
It is found that some additions of lithium not only reduce 
the oxides on the surface of the steel, but also considerably 
lower the wetting angle of molten silver.—v. EF. 

Seam Welding Dissimilar Thicknesses of Low-Carbon 
Steel. M. L. Begeman, E. J. Funk. (Welding J., 1955, 34, 
Nov., 529s—534s). An investigation is reported on proper 
welding conditions for the lubrication of pressure-tight, 


seam-welded joints, in dissimilar thickness combinations of 


low-carbon steel sheets.—v. E. 
Consider Sigma—For Faster Weld Speed, Cost Savings. 


(Western Metals, 1954, 12, Mar., 40-42). The principles of 


shielded inert gas metal are (sigma) welding are outlined 
and the advantages of its higher speed, higher arc-time 
factor, and freedom from slag and spatter are emphasized. 
The great advances made with this technique in the 
aluminium welding field are described.—P. M. c. 

There’s Lots New In Welding. P. Stern. (S.4.EWJ., 
1955, 68, Jan., 46-48). A brief review of recent progress in 
the fields of resistance welding, equipment and processes, 
and are welding electrodes is given.—pP. M. C. 

Submerged Arc Welding with the Electrode Lying Along 
the Joint. P. Berthe. (Soudage Techn. Connexes, 1955, 9 
Nov.—Dec., 323-324). The Elin Haferguth process is 
described.—tT. E. D. 

Metallurgical Aspects of the Arc Welding of Steels for 
Water Turbine Rotors. ‘S.-E. Erikson. (Soudage Techn. 
Connexes, 1955, 9, Nov.—Dec., 297-310). The metallurgical 
problems arising during electric arc welding of steels for 
water turbines are connected chiefly with the heating and 
cooling which succeed each other rapidly during welding. 
The Jominy test does not give sufficient information con- 
cerning the microstructure in the zones affected by high 
temperatures. A new method, using induction heating, 
is used successfully to examine weldability. Details are given 
of examination of the microstructure.—tT. E. D. 

On the Temperature of Droplets of Molten Electrode Metal 
During Arc Welding. A. A. Erokhin. (Jzvest. Akad. Nauk 
SSSR, Otdelenie Tekn. Nauk, 1955 (9), 125-136. [In 
Russian]. Calorimetric determination of the temperature 
of droplets of molten electrode metal at the moment of their 
separation from the electrode were carried out. Experimental 
procedure and the apparatus used are described in some 
detail.—v. Gc. 
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Nickel Chrome Brazing of Stainless. R. A. Gustafson. 
(Western Metals, 1955, 18, Aug., 54-56). The author des- 
cribes the method used for successful brazing of stainless 
steel. Brazing compounds of nickel-chrome alloy are 
applied in paste form, and the parts heated at 2050° F in a 
dry hydrogen atmosphere. Good mechanical, heat and 
corrosion resistant properties are achieved in the joints. 
The furnace equipment is described and illustrated.—p. M. c. 

Selection of Electrodes for Manual Arc Welding of Low- 
Carbon Steel. (Metal Progress, 1955, 68, Aug. 15, 158-168). 
The selection depends on the quality required in the welded 
assembly, the equipment available, the weld location, cost, 
base metal, joint design, and the desired weld properties. 
The influence of each of these factors and their interrelation 
as they affect production welding are described.—R. G. B. 

Accuracy and Tolerance in Flame Cutting. H. Christoph. 
(Grosse Schweisstechn. Tagung, Frankfurt, 1955, 73-80). 
The accuracies of flame cutting machines are discussed 
together with the effect of ange thickness and length of cut 
on scatter and tolerances.—v. 

New Methods of Application of Flame Cutting in the Steel 
Works and Rolling Mill. H. J. Wernicke. (Grosse Schweiss- 
techn. Tagung, Frankfurt, 1955, 80-85). Oxygen cutting 
machines used in the rolling mill for cutting rolled sheet 
and the application of powder cutting to the cleaning of 
castings are described.—v. E 

Measures for Improving the Economy of Oxy-Acetylene 
Cutting. (Schweissen u. Schneiden, 1955, 7, Dec., 504-506). 
Flame cutting data obtained from various firms are tabulated 
and the effect of oxygen pressure and a on the appearance 
of the surface of the cut is illustrated.— E. 

A Study on Low-temperature Brazing ‘av) The Effects of 
a Small Amount of P and Ag in Cu-Ni-Zn Alloys on Wettability 
and Brazed Strength. H. Ishida and S. Yaji. (J. Mech. Lab., 
Japan, 1955, 9, Sept., 181-185). It was found from experi- 
ments that the wetting temperature is lowered, at optimum 
wettability and brazed strength, when the silver content of 
an alloy containing 0-5% P is increased.—3. G. w. 

Argon-arc Welding Offers Opportunities. T. E. W. 
Preston. (Metalworking Production, 1956, 100, Jan. 6, 
1-8). The article describes British practice in the use of 
one-side argon-are spot welding with relevant references to 
American practice.—mM. A. K. 


MACHINING AND MACHINABILITY 


The Electro-erosion of Metals. H. Opitz. (Rev. Univ. 
Min., 1955, 9th series, 11, Nov., 562-568). An account is 
given of a fundamental investigation of this technique. The 
relation between the spark frequency, degree of finish and 
speed of cutting is considered and the metallurgical state of 
the surfaces is examined in detail. Factors controlling the 
formation of surfaces with a * super”’ finish are reviewed. 

An Investigation of the Wear of a Cutting Tool Using 
Radioactive Isotopes. E. P. Nadeninskaya. (Jzvest. Akad. 
Nauk S.S.S.R., Otdelenie Tekn. Nauk, 1954 (1), 24-40). 
{In Russian]. The choice of a method of activating a cutting 
tool for the investigation is discussed. Methods and 
apparatus used for measuring the radio-activity of the wear 
products is outlined. The results of investigations of the 
following factors: the influence of cutting time, velocity of 
cutting, depth of cutting, cutting rate and cooling on the 
wear of cutting tools are described.—v. G. 

Heat Treatment of Steel for Good Machinability. H. Opitz, 
8. Ammareller and H. Koelzer. (Metal Progress, 1956, 
69, Jan., 108-114). Machinability, as measured by cratering 
on the tool face when cutting a continuous chip, is directly 
related to shear strength. Suitable heat treatment can 
minimise cratering and give a smooth surface finish. A 
number of examples are given.—B. G. B. 

Heat Treatment as a Means for Improving Machinability. 
H. Koelzer. (Hdrterei-Tech. Mitt., 1953, 6, (2) (2), 41-59). 
The influence of heat-treatment on wage opowr id are dis- 
cussed. A large grain size obtainable at 950° ‘ (for 2 hours), 
is recommended for some cases only. iateraee in 
laying down standards are suggested.—R. P. 

Cemented Metal Carbides. ©. Kihl. (Jernindustri, 1955, 
86, Nov., 192-197). [In Norwegian]. Details are given of a 
test method which distinguishes clearly between poor and high 
grades of cemented metal carbides for cutting tools. Evolved 
by the Escher-Wyss Co., the test costs 80 Sw. Fr. to under- 
take and gives full information regarding mechanical strength, 
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resistance to wear in relation to cast iron and steel, and 
hardness. It is thus possible to reduce stocks to three 
different grades, each capable of two or three different 
functions.—G. G. K. 

ese argr ag Machining of Metals. N. A. Stang. (Jern- 
industri, 1955, 36, Dec., 214-218). [In Norwegian]. After 
comparing the future prospects for ultrasonic 
spark machining methods, the author describes the design 
and operation of the Agietron universal spark machining unit. 
Nine examples are given of typical machining operations. 

Devotion to Detail Assures Good Tool Life. SS. R. Prance. 
S.A.E.J., 1955, 68, Aug., 19-23). Brief hints are given 
concerning the points to be considered in order to promote 
good tool life. The following factors are dealt with: selection 
of material; hardness and structure of workpiece; devar- 
burization; stress relieving after rough machining; harden- 
ing; quenching; tempering; grinding; stress relieving after 
grinding.—P. M. Cc. 

Electro-Erosive Machining of Metals. W. Ullmann. 
(Maschinenwelt Elektrotechnik, 1955, 10, Oct., 293-295). 
Technical data are given of the ** Agietron’”’ electro-erosive 
machining equipment.—tL. D. H. 

Distribution of Shear-Zone Heat in Metal — Ww. C. 
Leone. (Trans. Amer. Soc. Mech. Eng., 1954, 76, 121-125). 
An expression is presented for the fraction of thermal energy 
developed at the shear zone in orthogonal metal cutting which 
is conducted back into the workpiece.—p. H. 

On the Analysis of Cutting-Tool Temperatures. E. G. 
Loewen and M. C. Shaw. (Trans. Amer. Soc. Mech. Eng., 
1954, 76, 217-231). The analytical procedure to be followed 
in computing cutting temperatures is presented and illustrated 
by several examples. The relative importance of the 
variables influencing tool-face temperatures is discussed and 
those of real significance listed in order of importance. 

Use of Liquid Carbon Dioxide Cooling for Turning Opera- 
tions on Machine Tool Spindles. (Machinery, 1955, Dec. 16, 
87, 1428-1431). The article describes a series of four tests 
carried out on a Churchill-Redman heavy duty copy-turning 
lathe, using liquid carbon dioxide for cooling the tools. 
Each test was made on a different steel specification and the 
results show an increase in tool life of between 100 and 400% 
over normal soluble oil coolant.—w. A. K. 


and electro- 


CLEANING AND PICKLING 

Blast Cleaning of Metal Surfaces. ©. Peltzer. (Stahl uw. 
Eisen, 1955, 75, Dee. 15, 1681-1691). Sand blasting was 
invented in the U.S.A. by Benjamin C. Tilghman in 1870, 
and the author reviews the history of blast cleaning from 
that time. The present position is discussed, and methods, 
equipment, and blasting media are surveyed.—a. ¢ 

Formation of Industrial Oxide Layers on Hot Rolled Strip 
and Plate. W. Fackert. (Stahl u. Eisen, 1955, 75, Dee. 15, 
1705-1710). The principal factors affecting the oxidation of 
steel surfaces are reviewed, and the fundamentals of layer 
formation are presented. Possible methods are enumerated. 
A newly developed technique for. plotting scale solution 
curves is described and its application discussed.—a. c. 

Cleanability and Oil Spreading Rates. H. B. Linford and 
P. E. Grubb. (Plating, 1955, 42, July, 895-902). The 
relation between the rate of spreading of oils and greases 
on a particular metal and the difficulty of removing the 
grease from another metal was investigated.—a. D. H. 

Abrasive Blasts Scale from Carbon Strip. G. D. Dill. 
(Steel, 1955, 187, Nov. 28, 106-107). 

Boeing Develops Promising Descaling Process for Titanium 
and Stainless Steel. B. Chambers. (Western Metals, 1954, 
12, Sept., 64-65). Two processes have been developed by 
Boeing Airplane Co., one of which inhibits scale formation on 
titanium, the other converts normal scale on such steels as 
AISI 310 to a form which is subsequently more easily 
removed. Both processes involve treatment of the metal 
before conventional heat treatment; titanium with a ecar- 
bonate/nitrate compound, stainless steel with a certain 
silicon-bearing substance. Scale subsequently formed during 
heat treatment is then much more easily removable by 
normal pickling methods. Both processes are patented, and 
no further details are given.—P. M. Cc. 

Ultrasonics—Answer To Difficult Metal Cleaning Problems. 
(Western Metals, 1955, 18, Mar., 63-65). The application of 
ultrasonic energy to the solvent cleaning of metal parts is 
discussed. The Detrex Soniclean process (U.S.A.) is des- 
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cribed, in which a ceramic transducer generates ultrasonic 
waves at a frequency of 400,000 cycles per second in a 
chlorinated solvent bath.—P. mM. Cc. 

Metal Cleaning Costs. (Metal Progress, 1955, 68, Aug. 15, 
169-173). 

Determination of the Valency of Metallic Ions During 
Electrolytic Polishing in the Presence of ClO; Ions. P. 
Brouillet, I. Epelborn and M. Froment. (Compt. Rend., 
1954, 289. Dec. 20, 1795—1797). The valency of many 
metals is stable during electrolytic polishing in the presence 
of ClO4 ions, but those which oxidize pass into solution 
with one or more valencies, some of which are unstable. 

Rust Transformers Based on Phosphoric Acid. G. Schultz. 
(Metalloberflache, 1955, 9, Dec., 177B-179B). Experiments 
were carried out to test the efficiency of a number of pro- 
prietory rust transformers based on phosphoric acid, using 
steel sheet. The samples were cleaned to some extent by 
brushing and lapping, the preparations applied, and the sheet 
finally lacquered and tested for corrosion resistance. Results 
were found to be very variable, depending on the condition of 
the sheet, the type of transformer and the amount used. 


Contribution to the De-Scaling of Rolled Material by Means 
of Flame Cleaning. H. Wiegand, K. Schaar and F. Nieth. 
(Metalloberflache, 1955, 9, Oct., 162A-173A). With the 
object of investigating the possibility of applying flame 
cleaning to the de-scaling of lighter sections than are 
normally treated by this process, a number of sheets were 
rolled in thickness of 5-30 mm, from sheet and slab, in two 
qualities of steel. The composition of the scale and its 
degree of removal were established for various thicknesses, 
and the significance of each factor determined statistically. 
For sheet of up to 15 mm, the amount of scale removed 
was directly proportional to the thickness, and only above 
this thickness was satisfactory removal possible. Strips of 
scale left between the cleaned portions were attributed to 
the burner design. Scale removal for a given thickness was 
more complete with sheet rolled from slab, this result being 
explained in terms of the composition and distribution of 
the scale.—L. D. H. 

The Condition of the Steel Surface, Using Various De- 
Rusting and De-Scaling Processes. F. Nieth. (Metall- 
oberfldche, 1955, 9, Oct., 174A-179A). Three pieces of steel 
sheet, the first with a coating of old rust, the second freshly 
rusted and the third in the as-rolled condition, with a skin of 
oxide, were cut into several test pieces, and cleaned by 
several processes, the surface roughness being then examined 
by profile photographs. Assuming irregularities greater 
than 4 of the thickness of paint to be applied as unsatis- 
factory, all processes except fine sand blasting and flame 
cleaning were ruled out.—t. 0. H. 

Influence of Flame Cleaning on the Strength of Con- 
structional Parts. S. Berg and K. W. Sippell. (Metall- 
oberflache, 1955, 9, Oct., 179A—185A). Test bars either drilled 
or with a welded joint were subjected to alternating stresses, 
the results being compared with those on similar flame- 
cleaned bars. Variations in fatigue strength found were less 
than those between individual bars; it can be concluded 
that flame cleaning has no detrimental effect in fatigue 
strength in these cases.—L. D. H. 

Flame Cleaning. K. W. Sippell. (Metalloberfldche, 1955, 
9, Oct., 147A-162A). A detailed description and discussion 
of flame cleaning is given, under the headings of surface 
treatment and corrosion protection; characteristics of flame 
cleaning, its siting and operating technique; influence of 
temperature on normal constructional steels; cost of the 
process and its range of application.—(53 references).—L. D. H. 

The Influence of Deformation on the Effect of the Chemical 
Polishing of Austenitic Chromium-Nickel Steels. A. V. 
Krusenstjern and H. Schlegel. (Metalloberfldche, 1955, 9, 
Oct., 148B-151B). Strip from 18/8 Cr—Ni steel was elongated 
by 5, 10 and 30%, annealed, cooled with compressed air, 
pickled and the deformation repeated. This procedure’ was 
carried out in three successive treatments on the same 
sample. The efficiency of a chemical polishing treatment was 
investigated after each treatment, using a specially-designed 
polish meter, which is described. Some samples were also 
tested after removing the surface with fine emery paper. Half 
of each test piece was polished, and a photomicrograph taken 
of the polished and unpolished surface and the section in 
each case. It was found that internal stresses in the micro 
scale had no influence, but that the alternating deformation 
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and annealing treatments roughened the surface progressively 
and led to a less efficient polish. Chemical polishing covers 
minor defects more successfully than electrolytic polishing, 
due to the polish being more diffuse.—t. D. H. 

Electrolytic Processes for Surface Conditioning of Metals. 
J. W. Cuthbertson. (Proc. Inst. Elect. Eng., 1955, 102, 
Part A, Oct., 501-509). The uses of electrolysis for surface 
cleaning and descaling of metals and the process of electro- 
lytic polishing are discussed. Cathodic processes are in 
general more efficient and economical than purely chemical 
treatments, but should be applied with caution to some 
steels, because of the likelihood of hydrogen absorption, 
Examples are given of electrolytic pickling of steel, cathodic 
and anodic treatments being discussed. The mechanis:n, 
techniques and economics of electrolytic polishing are dealt 
with.—(29 references).—L. D. H. 

Symposium on Sand and Steel Blasting. Some Consideia- 
tions on the (Dutch) Order in Council on Sand Blasting. 

*t Hart. (Metalen, 1955, 10, Oct. 15, 407-414). in 
Dutch]. 

Some Considerations on the Cleaning of Metal Surfaces 
by Blasting and Shaking. A. De Jong. (Metalen, 1955, 10, 
Oct. 31, 429-430). [In Dutch]. 

Some Data on the Production and Quality of Coarse Steel 
Powder. J. J. Ubbink. (Metalen, 1955, 10, Oct. 31, 480 
431). [In Dutch]. 

Technical Problems with Enamelling. A. W. 
(Metalen, 1955, 10, Oct. 31, 431-433). [In Dutch]. 

Hearth Blasting. J. Slob. (Metalen, 1955, 10, Nov. 15, 
451-457). [In Dutch]. 

Problems Arising when Blasting Thick Steel Plate. P. Sta 
(Metalen, 1955, 10, Nov. 15, 452-454). [In Dutch]. Arisi 
out of the (Royal Dutch) Order in Council to forbid in the 
interests of silicosis prevention, the use of sand for treatin 
the surfaces of materials and its substitution by coarse steve 
dust or other substance free from crystalline silicon oxide 
or even other methods, the various papers discuss the possil 
effects of the decree on the branches of industry concern 
The wording of the Order in Council in question conclud 
the final article.—r..R. H. 

Cleaning of Metal Prior to Phosphating. F. P. Spruance 
(ler Congrés Mondial de la Détergence, 1954. Section 11, 
11-13). Alkali and solvent cleaning are described, and 
their effects on the phosphating of zine, galvanised steel, and 
steel. 

Cleansing of Metal Surfaces before Electroplating. M. Ades. 
(ler Congrés Mondial de la Détergence, 1954. Section 11, 
7-10). Phosphate and silicate baths are described. 

Investigations of Pickling Residues. A. Petzold. (Metail- 
oberfldche, 1955, 9, Dec., 205A—-207A). Residues from 
pickling mild steel in sulphuric, hydrochloric, and nitric acid 
were investigated. It was found, in agreement with 
previously published results, that the constituents not readily 
soluble in the acid are concentrated in the residues. In the 
case of nitric acid, impurities at the grain boundaries are 
attacked preferentially, in particular copper and _ nickel. 

Regeneration of Sulphuric Acid Pickling Liquor. J. RoneS. 
(Hutnik, (Prague), 1956, 6, (1), 18-21). [In Czech]. Methods 
of disposal of spent pickling liquor and processes suitable 
for recovery of ferrous sulphate and sulphuric acid are 
surveyed. A nomogram for the determination of optimum 
conditions of regeneration by the evaporation method, 
based upon recent Czechoslovak researches, is presented and 
discussed.—P. F. 

Utilization of Waste Pickling Acid in Potable Water 
Treatment. J. S. Gettrust. (J. Amer. Water Works Assoc., 
1955, 47, Aug., 752-762). The successful use of waste 
pickling liquor, as a source of iron sulphate, for the purifica- 
tion of drinking water on a commercial scale is described. 


PROTECTIVE COATINGS 

The Structure and Properties of Electrodeposited Metals. 
F. Dyngvold. (Tek. Ukeblad, 1955, 102, Nov. 17, 913- 
918). [In Norwegian]. It is shown that the adhesion of 
heavy electrodeposited coatings to the underlying surface is 
governed by the crystalline structure of both metals, 
whilst hardness and ductility are dependent on plating 
conditions. Loss of fatigue strength in the base metal can 
be counteracted by reducing the internal stress in the coating. 
Details are given of methods available for examining the 
crystal structure of coatings and of the influence exerted by 
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plating procedure and base metal on the structure of the 
coating. It is pointed out that such coatings often have 
peculiar crystal shapes due to the inclusion of foreign bodies 
in the lattice.—«. a. K. 

A Non-oxidizing Heat Test for Plating Adhesion. I. W. 
Mareovitch. (Plating, 1955, 42, June, 749-750). The 
method described consists of using an oil-bath as the heating 
medium at 475°-500° . wherein defective coatings give 
rise to blistering.—a. D. 

Nickel Plating by Direct Chemical Deposition. (Corrosion 
Techn., 1955, 2, Dec., 377-379). The development of nickel 
plating by chemical deposition is outlined and the acid bath 
and basic bath methods are described briefly and compared. 
Typical applications of both are given and the use of catalysts 
and the general precautions to be observed (e.g. prevention 
of poisoning) are indicated. The article concludes with a 
consideration of the economics of nickel plating by chemical 
deposition.—L. E, W. 

Iron-Zine Alloy Electroplating As a Protective and Decora- 
tive Finish for Steel. F. W. Salt. (Hlectroplating, 1956, 9, 
Jan., 3-5). Plating processes are described for the deposition 
of alloys containing 6-909, Zn from sulphate baths. Those 
containing 6%, Zn are bright and might be used as a basis 
for other coatings on account of their smoothing action. 
With 359%-65°%, Zn, the coatings are hard, give good adhesion 
to steel, have a higher corrosion resistance than galvanized 
coatings and can be deposited at high rates. The 60°, Zn 
alloy can be deposited bright.—a. D. H. 

Cadmium or Zinc? E. Snekvik. (Tek. Ukeblad, 1955, 
102, Dee. 15, 1020-1022). [In Norwegian]. After reviewing 
the relative advantages of zine or cadmium coatings fo! 
steel structures subject to corrosion by marine or industrial 
itmospheres, the author concludes that zinc is better in 
acid environments, cadmium is superior in its resistance to 
salt sprays and in extremely moist air accompanied by 
heavy condensation, whilst in dry inland areas both coatings 
are equal in effect. Furthermore, in both cases corrosion 
resistance can be increased by chromatizing without a 
reduction in anodic protective effects.—G. G. K. 

Continuous Hot Galvanizing of Strip. N.E. Cook. (Metal 
Finishing, 1955, 58, Nov., 67-69, 73). A description is 
given of the process and plant employed at the Wheeling 
Steel Corp., W. Virginia. Induction heated pots are used 
and aluminium is added to the zinc.—a. D. H. 

Galvanizing Steel Wire. (Wire Ind., 1955, 22, Oct., 995- 
996). The main features of hot-dip galvanizing practice, 
with particular reference to zine economy, are outlined. 
This article is based on information supplied by the Office 

Technical Services, U.S.A.—J. G. w. 

Zinc Coatings for Protecting Steel. FE. W. Horvick. 
(Product Eng., 1955, 26, Deec., 158-161). Five different 
methods of applying a zine coating are described; and the 
advantages and disadvantages of each method are discussed, 
and examples — of the method specified for various 
conditions.—®. A 

Conversion tects for Cadmium and Zine. [. F. Foley, 
jun. (Metal Progress, 1956, 69, Feb., 86-90). A conversion 
coating is an inorganic coating other than a metal; chromates, 
phosphates, molybdates, and sulphides are in common use. 
They improve corrosion resistance, produce attractively 
coloured surfaces and increase the adhesion of subsequent 
organic coatings. Conversion coatings on zine and cadmium 
are primarily discussed.—B. G. B. 

Standards and Requirements in Electroplating. E. Snekvik. 
(Tek. Ukeblad, 1955, 102, Oct. 27, 849-856). [In Norwegian]. 
Extracts are presented from Norwegian standards for electro- 
plating and details given of the importance of coating thick- 
ness in regard to resistance to abrasion and corrosion. <A 
comparison is made between American, British, German, and 
Swedish specifications for chromium, zinc, nickel, and 
cadmium plating and details are given of Danish regulations 
governing the nickel and chromium: plating of automobile 
components.—G,. G. K. 

‘ Porus-Krome’ Hardening of Engine Cylinders against 
Corrosion. (Corrosion Techn., 1956, 3, Jan., 17-18). The 
operations involved in the * Porus-Krome’ process and its 
applications are outlined, after first discussing the causes of 
cylinder bore wear and the protection afforded by chromium 
plating.—L. E. W. 

Electrolytic Nickel Deposits from Chloride and Sualphte 
Solutions. E. Raub. (Metalloberfldche, 1955, 9, June, 88a—92). 
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The difference in behaviour of nickel chloride and sulphate 
electrolytes is discussed, and explained in terms of the higher 
dissociation and hydrolysis constants of nickel chloride. 
Barrel Plating Setup Combines High Output with baa 
G. W. Harding. (Iron Age, 1955, 176, Dec. 29, 65-67). 
batch zine-plating plant is described, which can Al 
20,000 lb worth per hour. Simple controls allow the plating 
specification to be changed at will, and the entire 
automatic.—D. L. c. P. 
* Cold Galvanising ” 
Protection. I. ©. Fritz. 
§21-52 23). The merits of 
-rich ’’ paint—are discussed and compared with those of 
coatings of solid metallic zine applied by hot-galvanizing, 
sherardizing, electrodeposition or spraying ! H. 
Conation Tinplate: Electrolytic Lines Replace Older Hot Dip 
Methods. J. D. Harbron. (Jron Steel, 56, 29, b., 49-50), 


Canadian hee tn is now atthe by ot ontinuous 


system Is 


A Noteworthy New Means of Surface 
( We rk stofte Korr SION, 1955, 6. Nov., 


f 


* eold galvanizing "’—i.e. of * zine- 


electrolytic method, resulting in thinner and uniform 
tin coatings. Details are given of the economy eved.—a. F. 

Alloy Plating Can Give Your Products New ‘Appeal F. A. 
Lowenheim, R. T. Gore. (Jron Age, 1955, 176. . 22, 67-70). 
Examples of the growing practice of alloy pi iting are given. 
Properties and advantages of the coatings are noted. 

La tanga on Porous Metal. J. B. Mohler (Meta 
Finishing, 1955, 58. Nov., 70-73). Methods obtaining 
acceptable deposits on porous metal including powder metal 
compacts are described and the causes of porosity in deposits 
are discussed.—a. D. H. 

Attack of Molten Zinc Saturated with Iron on Iron _ 
taining Sulphur and Phosphorus. D. Horstmann. 
Eisenhiittenwesen, 1955, 26, Oct., 577-581 Investigations 
carried out on iron with high sulphur and phosphorus contents 
show that the attack by iron-saturated molten zine is mild 
for a sulphur content of 0-1, but about 30°, stronger for 
the same content of phosphorus. For pure iron the attack 
progresses linearly with time in the region 495—515°, but this 
temperature range is somewhat broadened by the presence 
of sulphur and phosphorus. For higher phosphorus content 
the attack becomes very heavy in this temperature range. 
Thus, for phosphorus contents of 0-085, 0-280, and 0- 017% 
at 500°, the rates are respectively 12-2, 17-7, and 7-3 lo-4 
gy em? min, A. ( 


The Selection of Electroplated Coatings. (Metal Progress, 
1955, 68, Aug. 15, 97-105). Protective and protective ‘decora- 


tive coatings and special purpose coatings are reviewed. All 
the metals commonly used as coatings are considered and 
examples of applications of each coating are given with an 
indication of the factors which determine the selection. 


Disposal of Toxic Effluents. Handling Acids and Cyanides. 
(Engineering, 1955, 180, July 8, 58-59). This article describes 


a new ie of effluent dis posal developed by the British 
Thomson-Houston Co., Ltd. to neutralize toxic effluents from 
their plating and pickling plant.—wm. D. J. 1 

Coated Steel Sheet: Challenge of Alternative Materials. S. 3. 

Carlisle. (Jron Coal Trades Rev., 1956, 172, Jan. 13, 75-83). 
As a basis for assessing the strength of competition from other 
sheet materials so as to guide steel coatings research into the 
most profitable channels, the author discusses the uses and 
quantities produced of tinplate, galvanized sheet, and un 


coated sheet steel, and reviews existing or potential alternative 
These include aluminium, aluminized steel, terne- 
nelled steel sheets, 


materials. 
plate, asbestos-cement sheets, vitreous ena 


plastic sheets, plastic-coated steel, and metal alloy coatings. 
Protection of Low-Strategic Alloys with a Chromium 
Boron-Nickel Cermet ne D. G. Moore and J. R. Cuthill. 
(Amer. Ceram. Soc. Bull., 1955, 384, Nov., 375-382). A new 
application procedure Is described whereby a cermet layer 
can be deposited on a metal or alloy surface by using standard 
ceramic coating techniques. The novel feature ot the process 
is the fluxing action of the frit admixture which permits 
welding of the cermet particles to occur during firing, without 
the necessity of a highly purified atmosphere. Coatings have 
excellent thermal shock resistance, ave reasonably ductile, and 
give good oxidation protection up to L500? F.——p. L. c. P. 


Contribution to the Metallography of Lead Coatings on steels. 
J. Teindl and L. Bezeeny. (Hutnicke Listy, 1956, 11, 
18-21). [In Czech]. The lead coating processes pov in 
Czechoslovakia is described, and the structures and faults in 
coated sheet are discussed on the basis of micrographs, For 
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certain applications electrolytic coating followed by passiva- 
tion of the lead is reeommended.—?. F. 

Brass Plating from Cyanide-free Alkaline Solutions. S. K. 
Ray, H. V. K. Udupa, and B. B. Dey. (J. Sci. Indust. Res., 
1955, 14B, Dec., 652-655). A description is given of the 
influence of current density on deposits of brass obtained from 
alkaline solutions of copper sulphate and sodium zincate in 
glycerine.—£. E. w. 

The Electrodeposition of Tungsten. G. L. Davis and C. H. R. 
Gentry. (Metallurgia, 1956, 58, Jan., 3-17). Thick coherent 
layers of pure tungsten have been deposited from fused salt 
baths containing borates and tungstic oxide. The equipment 
used is described and theoretical aspects of electrodeposition 
from fused salt baths are considered in detail. (49 references). 


Aluminium Curbs High Temperature Erosion. W. G. 
Patton. (Jron Age, 1956, 177, Jan. 12, 74-77). The operation 
of an automatic production line for aluminium spraying alloy- 
steel engine valves is described. The operations involve pre- 
heating by induction, aluminium flame spraying, and an 
alloying induction heat treatment. Output is 4000 parts per 
hour.—D. L. C. P. 

Coating on Polished Strip Saves Refinishing Costs. W. G. 
Patton. (Iron Age, 1955, 176, Nov. 24, 83-85). The coating 
material, ‘‘ Mar Proof,” is applied to polished strip as pro- 
tection during forming and handling operations; the film can 
then be removed by alkali cleaner leaving a good surface. 
For stamping operations it is used in conjunction with a 
special lubricant.—D. L. C. P. 

Electrical Inspection of Steel Pipe Coatings. S. M. Davidson. 
(J. Amer. Water Works Assoc., 1956, 48, Feb., 121-130). 
Electrical tests to measure the soundness of coal tar-enamel 
anti-corrosion coatings on steel pipe are described.—B. G. B. 

Design of Steel Pipe with Cement Coating and Lining. E. S. 
Cole. (J. Amer. Water Works Assoc., 1956, 48, Feb., 131-138). 
A short account of the design of this type of pipe with 
diameters of 30 in. or larger is presented.—k. G. B. 

What is Known about Molybdenum Spraying. Sheila M. 
Holgate. (Lastechn., 1955, 21, Dec., 228-231). [In Dutch]. 
After calling attention to the precautions to be observed when 
spraying with molybdenum, the article gives particulars of 
suitable pressures of the oxy-acetylene gases in the spray gun 
and the film thicknesses to be applied. Owing to its hardness 
and high adhesion, a molybdenum under-film forms an 
excellent anchor for upper coatings of less costly metals. It 
is concluded that molybdenum offers little advantage as 
regards resistance to corrosion or to the effects of high and 
low temperatures. Owing to its microporosity, the metal can 
prove useful in providing under-films on smooth hard surfaces 
that must not be machined or roughened prior to the applica- 
tion of coatings of other metals. It is pointed out that care 
is necessary with steels liable to fatigue phenomena and this 
question is being studied. Several micrographs appear. 
(7 references).—F. R. H. 

Metal Spraying Flat Surfaces. (Electroplating, 1956, 9, 
Jan., 19-22). The recommended methods of the American 
Welding Society for spraying ferrous and non-ferrous metals 
on flat surfaces are summarized and compared with British 
practice.—A. D. H. 

Process Aluminizing of Automotive Valve Heads for Oxida- 
tion Resistance. (Indust. Heating, 1956, 28, Jan., 42-46, 50). 
The ‘“ Alspray ”’ process in which a sprayed coating of 
aluminium is bonded to valve stems by rapid melting in a 
salt bath is described.—a. pb. H. 

Some Fundamental Aspects of Frit Formulation. N. S. C. 
Millar. (Inst. Vitreous Enamellers Bull., 1956, 6, Jan., 82-89). 
Basie principles involved in formulating frits are reviewed 
with reference to the physical properties required. The role 
of opacifiers is discussed in detail.—aA. D. H. 

Statistical Quality Control for Enamelled Steel Production. 
J. Bevan. (Amer. Ceram. Soc. Bull., 1955, 34, Oct., 340-341). 
A statistical quality control programme for a plant manu- 
facturing pressed steel bathtubs is given. Detailed records 
are made of all defects in materials and processing.—D. L. C. P. 

Testing the Thickness of Passivated Zinc Coatings. 
M. E. Gol’dshtein. (Zavodskaya Laboratoriya, 1955, 21, (2), 
204). [In Russian]. A brief account is given of a comparison 
of various methods used for determining the thickness of 
ordinary and passivated zinc-coating in galvanizing. Best 
results are cbtained by the electromagnetic method, which is 
not affected by passivation.—s. k. 

Electro-Zinc Coated Steel Sheet and Strip. D. A. Winton. 
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(Corrosion Prevention and Control, 1956, 3, Feb., 45-45). 
The author outlines the electrodeposition process and dis. 
cusses briefly the properties and applications of electro-zine 
coated steel.—t. E. w. 

An Investigation of the Processes taking place during Hot 
Tinning of Steel Sheets. I. A. Kakovskii and N. 8. Smirnov. 
(Izvestiya Akademii Nauk SSSR, O.T.N., 1955, 12, 48-57). 
{In Russian]. It was shown that wetting of sheets by molten 
tin is the basic process on which all further effects (diffusion 
of tin into iron, uniformity of tin layer) depend. Lead was 
found to be a surface-active admixture in tin, it improves 
wetability of steel sheets by tin, and decreases the induction 


time. Copper and iron in tin (the latter as a suspension of 


crystals of FeSn,) have the opposite effect. Flux (a solution 
of zine chloride) used in tinning has a deciding influence on 
the wetability of iron by tin, it decreases the induction time 
to below 0-3 sec.—v. G. 

Simple Test Checks Aluminium Coating Uniformity. 
H. J. Wittrock. (Iron Age, 1956, 177, Feb. 16, 102-103). 
A simple dip test, developed by Kaiser Aluminium Co., is 
described for checking the uniformity and thickness of 
aluminium coatings on steel, using a hydrofluoric acid—copper 
fluoride solution.—D. L. C. P. 

Plastic Coatings for Corrosion Prevention. G. A. Curson. 
(Corrosion Prevention and Control, 1956, 3, Jan., 30-34). 
The author discusses the applications and limitations of 
Polythene, Nylon, Thiokol, and Shellac as corrosion pre- 
vention coatings.—L. E. W. 

Modern Surface Treatment of Metals by Means of Lacquer 
Spraying. H. Anders. (Metalloberfldche, 1955, 9, Dec., 
180B-183B). 

Use of Heavy Cutback Asphaltum Mastic Coatings in Coke 
Plant Areas. A. Bagenstose, Jun. (ron Steel Eny., 
1955, 32, Sept., 75-78). This article describes mastic coatings 
as a protection for metal, a weather and vapour barrier for 
thermal insulation and a waterproofing for masonry buildings 
in coke plants.—m. D. J. B. 

Metal Spraying by the Wire Process. H. J. Plaster. (Brit. 
Welding J., 1956, 3, Mar., 73-77). Methods of application, 
the equipment (hand and automatic), anti-corrosive coatings. 
and building up of worn parts are described.—v. E. 

The Repair of Worn or Over-Machined Parts by Metal 
Spraying. J. F. Atwell. (Engineer, Foundryman, 1955, 
20, Nov., 53-57). The uses and technique of metal spraying 
are discussed.—aA. D. H. 

Flame Spraying Coats ‘“‘ Hot ’? Metal Surfaces to Withstand 
High Temperature and Shock. A. Pechman. (Western 
Metals, 1954, 12, Apr., 58-60). Ryan Aeronautical Co., 
U.S.A., have successfully developed a method for flame 
spraying cermets on to components for jet and rocket 
engines. The cermet, a nickel-magnesia combination, is 
liquefied and applied through a spray gun. Coatings of 
one thousandth of an inch thickness have given very good 
high temperature service.—P. M. C. 

Vacuum Metallizing Process Gives High Lustre, Cuts Costs. 
C. Klinefelter. (Western Metals, 1954, 12, Sept., 50-52). 
A process is described whereby die castings, glass, plastics 
and textiles are given a very thin “ plate’ of aluminium, 
cadmium or zine. The coating of metal, which seldom 
exceeds five millionths of an inch thickness, is deposited under 
vacuum from a molten source. After lacquering, the finish 
is highly decorative and lustrous.—P. M. C. 

Limitations in the Application of Metal Spraying. H. 
von Hofe. (Schweissen u. Schneiden, 1954, 6, Special Issue, 
180-188). The metal spray process and its applications are 
discussed in detail.—v. E. 

Relations of Compositions to Viscosity of Enamel Glasses. 
T. B. Yee, J. S. Machin and A. S. Andrews. (J. Amer. 
Ceram. Soc., 1955, 88, Oct., 378-382). The change in the 
viscosities of a series of enamel glasses which were produced 
by varying the CaF,, Fe,0;, TiO,, Co,;04, NiO, MnO,, 
FeSQ,, and NiSO, contents were examined over a range of 
temperatures which correspond approximately to normal 
firing temperatures. Similar studies on the variations in 
viscosity produced by blending selected hard and soft frits 
are reported.—D. L. C. P. 

Determination of Strains on Enamelled Cast Iron. J. F. 
Wuellner and B. J. Sweo. (J. Amer. Ceram. Soc., 1955, 38, 
Nov. 404-407). A method of determining strains in enamelled 
cast iron using a modification of the split ring furnace, and 
employing cantilever type specimens is described. Strain 
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curves are compared with results obtained on split rings and 
the modified method is shown to be the more informative. 

Colour Stability of ‘Fritted-In’” Coloured Enamels. 
N.S. C. Millar. (Metal Finishing J., 1955, 1, Nov., 483-488). 
The development of coloured enamels by smelting chromium, 
cobalt, manganese and nickel oxides into titanium frits is 
described. The influence of variation in frit composition was 
investigated.—a. D. H. 

Hydrogen Permeability of Steel and its Relation to 
Enamellability. Y. Lindblom and S. E. Dahlgren. (Metal 
Finishing J., 1955, 1, Dec., 517-526). The variation of 
hydrogen permeability of mild steel measured at 40°C. was 
measured. It was found that no relationship existed between 
permeability and gas content, metallographic structure, 
analysis and adherence of the enamel.—a. D. H. 

Causes of Defects in Enamelling of Steel. ©. Kriiger. 
(Neue Hiitte, 1955, 1, Dec., 97-104). Porosity and blistering 
of enamels may be due to defects of the steel, such as fissures, 
slag occlusion, or seale.—t. J. L. 

Enamelling with Powder on Iron Surfaces. (J. d’Inf. Tech. 
Indust. Fonderie, 1955, Sept., 5-8). The preparation of the 
iron surface before enamelling is of particular importance. 
Details are given of a satisfactory method of preparation. 
Factors influencing the adherence of the coating are discussed 
and an apparatus for measuring the resistance of the coating 
to mechanical shock is described.—n. G. B. 

Development of Marine Paints: Recent Progress. A. D. C. 
Hamilton. (Indust. Finishing, 1956, 9, Jan., 313-315). 
A review is given of painting compositions and metal pre- 
treatment, with illustrations of corrosion effects. 


POWDER METALLURGY 


The Behaviour of Spherical Metal Powders in Pressing and 
Sintering. E. Pelzel. (Z. Metallkunde, 1955, 46, Nov., 
813-817). Expressions are derived for the relations between 
porosity and the sum of the surfaces of contact with increasing 
pressure, with spherica] grains and the results compared with 
practical observations on pressed and sintered metal powders. 
A hollow spherical iron powder and a solid grain powder 
were manufactured, and were strongly corroded by exposure 
to moisture for several weeks. The powders were pressed 
into bars and sintered at 1200° C in a current of hydrogen. 
Except at high pressures, the porous material showed lower 
strength; at the highest pressures and lowest porosities the 
strength of both powders coincided with that of compacted 
iron.—L. D. H. 

Manufacture of Metal Powder, Especially Iron Powder. 
K. C. Wasberg. (Tidsskr. Kjemi, Bergvesen Met., 1955, 
15, (7), 112-123). [In Norwegian]. The uses, properties 
and manufacture of various metal powders are described. 
Main stress is laid on the materials and processes used for 
producing iron powder, together with an analysis of possible 
markets—especially in the U.S.A.—and potential Norwegian 
production capacity.—G. G. K. 

Thermal Dilatation and Contraction of Polycrystalline 
Sintered Powder Bodies. K. Kohler. (Metall, 1956, 10, 
Jan., 21-29). In experiments on the thermal expansion 
coefficients of a range of metals in the form of sintered powder 
compacts, the effects of polymorphy, dehydration, size and 
shape of grains, internal surface area, volume of absorbed 
gases, compacting pressure and direction of application of 
pressure, were ascertained at medium and high temperatures. 
In the case of iron powders the expansion coefficient was a 
maximum at 600° C. The results of measurements are 
tabulated in detail.—s. eG. w. 

Adding Copper to Iron Powder Compacts. P.U.Gummeson 
and L. Forss. (Precision Met. Mold., 1955, 18, Nov., 44-45, 
83-84). The factors influencing dimensional changes of 
sintered iron—copper compacts have been reviewed and the 
results of a number of practical tests reported. The factors 
csusing growth and shrinkage during sintering have been 
considered separately and a possible theoretical approach to 
the subject suggested. Special consideration has been 
given to the case where the copper addition is below the 
solubility limit of copper in iron at the sintering temperature 
and it is shown that the dimensional changes are closely 
related to the particle characteristics of the powder and the 
duration of the liquid phase.—p. H. 

Mond Carbonyl Iron Powders. (Mond Nickel Co., Pam- 
phlet 704, 1954, 1-50). The preparation, properties and appli- 
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cation of powdered iron made by the carbonyl process by the 
Mond Nickel Co. are described in detail. (35 references). 


PROPERTIES AND TESTS 

Thermodynamic Analysis. III. Automatic Recording of 
Heat Content Curves of Metals and Alloys. W. Oelsen. 
(Arch. Eisenhiittenwesen, 1955, 26, Sept., 519-522). A simple 
arrangement is described for recording heat content curves 
for thermodynamic analysis.—a. c. 

Heat Content and Mechanical Properties of Metals. K. A. 
Osipov and §S. G. Fedotov. (Izvest. Akad. Nauk SSSR, 
Otdelenie Tekn. Nauk, 1955, (2), 98-104). In Russian]. An 
attempt to correlate heat content and mechanical properties 
of metals is described. It is shown that mechanical properties 
of metals including resistance to plastic deformation can be 
evaluated on the basis of energy required to heat a given metal 
from a given temperature to the melting temperature and 
to melt it at this temperature, i.e. by the differences in the 
heat content. (30 references).—yv. G 

Limitations of Steel Specifications. E. H. Snyder. (Metal 
Progress, 1955, 68, Nov., 76-80). The specifications used for 
steels are discussed and it is considered that in some cases 
they can be misleading as though they limit the range of the 
most important elements or properties, the range is often too 
wide or some unmentioned property can cause processing 
difficulties.—B. G. B. 

Reversers for a Type IM-12A Tensile Machine for the 
Investigation of the Main Forms of Loading. N. G. Elizarov. 
(Zavodskaya Laboratoriya, 1955, 21, (7), 863-864). [In 
Russian]. Attachments for extending the applicability of a 
tensile machine to compression, shear, torsion, and transverse 
bending are described.—s. k. 

Bringing Order into Production Control. (Zavodskaya 
Laboratoriya, 1955, 21, (6), 634-637). [In Russian]. Examples 
are taken from current Soviet control practice in ferrous 
metallurgy to show that testing is often carried out unneces- 
sarily.—s. K. 

Results of Service Tests of IMCh-30 Universal Hydraulic 
Machines. G. Z. Zaitsev. (Zavodskaya Laboratoriya, 1955, 
21, (6), 749-750). [In Russian]. Extensive tests in which 
the performance of three types of IMCh-30 universal hydraulic 
testing machines were studied are briefly reported.—s. kK. 

New and Improved Metallurgical Techniques. ©. Sykes. 
(J. Inst Metals, 1955-56, 84, Apr., 287-290). A brief account 
of new and improved techniques and apparatus for testing 
that have become available to the metallurgist in the last 
20 years is given.—B. G. B. 

How Statistical Techniques Solve Metal Working Problems. 
C. R. Smith. (Metal Progress, 1956, 69, Feb., SI—S86; Mar., 
76-78). The use of simple statistical techniques to analyse 
experimental data is described. Two examples are given 
which show how the best methods of processing titanium were 
selected with a minimum of expense. An example of the 
design of an experiment is also given.—B. G. B. 

The Yield Rate of Mild Steel. F. Forscher. (Amer. Soc. 
Test. Mat. Bull., 1955, Apr., 63-67). The results of experi- 
ments to study the vield rate of mild teel under various 
stresses and temperatures are discussed in terms of nucleation 
and growth of Liiders bands.—ns. G. B. 

The Influence of the Method of Steelmaking on the Draw- 
ability and Mechanical Propcrties of Mild Steel Wires. O. 
Modraéek. (Hutnické Listy, 1955, 10, (12), 715-720). [In 
Experiments on the influence of the use of oxygen 
in steelmaking on the yield stress, work-hardening and ageing 
properties of basic converter and open-hearth steels containing 
0-10% C are reported. The use of oxygen leads to an 
improvement in these properties regarded from the point of 
view of wiredrawing. The converter steel, however, aged 
more rapidly than corresponding steels made by the open- 
hearth process.—P. F. 

Acoustic Method for Determining the Modulus of Normal 
Elasticity. A. I. Moiseev be M. V. Yakutovich. (Zavodskaya 
Laboratoriya, 1955, 21, 216-218). [In Russian]. In the 
apparatus described the a ies of elasticity is determined 
by a dynamic method, the test-piece being caused to vibrate 
by a stream of cold or hot air. The frequency is found by 
comparison with the signal from an audio-frequency generator. 
The test-piece, in a special holder, can be cooled or heated. 
Results obtained for a single crystal of transformer steel at 
temperatures from — 180° to 600° C are presented. The 
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apparatus is simple, and, with carefully prepared and 
measured test-pieces gives relative errors of only 2-8%.—s. kK. 

On Localised Development of Plastic Deformation in Low 
Carbon Steels. V. I. Trofimov (Jzvestiya Akademii Nauk 
SSSR, O.T.N., 1955, 11, 58-61). [In Russian]. During 
tensile tests of steel specimens plastic deformation is developed 
initially in a small part of the volume which subsequently 
increases. An effort was made to determine the size of sectors 
affected by plastic flow in strained specimens from mild steel. 
The influence of rate of loading and the state of the surface of 
specimens on the size of zones of plastic flow was also investi- 
gated. An analysis of elastic-plastic work of steel columns 
tested during the last 5 years in the Ts NI P'S was carried 
out.—V. G. 

On Inertia in Plastic Deformation of Steel. E. Giessmann. 
(Izvestiya Akademii Nauk SSSR, O.T.N., 1955, 11, 50-57). 
{In Russian]. During tensile strength tests at high speeds, 
some anomalous elongations were observed. These are 
explained by inertia in the propagation of plastic deformation. 

Investigation and Calculation of the Remaining Tensile 
Strength in Wire Ropes with Broken Wires. W. Davidsson. 
(Acta Polytechnica, Mech. Eng. Series, 1955, 8, No. 6). A 
method is given for calculating the weakening due to wire 
breaks and wear, of the tensile strength of a rope whilst in 
use. The occurrence and distribution of wire breaks not 
accessible to visual inspection was investigated on various 
discarded ropes, and it is advised to choose the rope lay as 
the control length.—J. G. w. 

The Predetermination of Tensile Strength in Steel Wire 
Manufacture. C. Coates. (Staff School, Fred. Smith & Co.: 
Lecture—Feb. 1, 1956). The following causes of the variation 
of tensile strength of patented and hard-drawn high-carbon 
steel wire, as between batches, are described in a general 
manner:—small variations of carbon content, insufficient 
control of furnace temperature and wire speeds in strand 
patenting, variation of drawing speed and of drafting.—.. G. w. 

Joint Metallurgical Societies’ Meeting in Europe, 1955. 
Technical Sessions in Diisseldorf: Relations Between the Ageing 
of Steels and their Contents of Accompanying Elements. H. J. 
Wiester. (80-85). The author discusses the effects of N, Al, 
Mn, Si, P, and § on the strain ageing of steels. The phenomena 
of strain ageing, quench ageing, and brittle fracture are 
compared, 

Technical Sessions in Liége: Influence of Vanadium upon 
the Creep and Rupture Strength of Low Alloyed Steels for 
Tutes. O. L. Bihet. The author presents research results 
showing the improvement in creep properties of chrome— 
molybdenum tube steels effected by vanadium additions, 
probably because of secondary hardening. 

Technical Sessions in Paris: Some Research Work Made in 
France on Impact Strength and Brittle Fracture. R. Borione. 
A summary is given of recent French research on factors 
related to impact strength and brittle fracture. Published 
work by Seferian and Moneyron, Pomey, and Castro and 
Guessier, and work carried out by IRSID and by Institut de 
Recherches des Constructions Navales, is reviewed. Super- 
sonic Testing of Heavy Forgings and Castings. J. Pignet and 
E. de Kerversan. Referring particularly to American methods, 
the authors outline their experiences with ultrasonic testing 
of heavy forgings and castings. Their interpretation of the 
oscillograms and subsequent decisions are discussed. Hydrogen 
in Steel. J. Calmettes and R. Ferry. The authors first describe 
the vacuum-heating method of hydrogen determination and 
discuss some of the factors affecting its accuracy. Secondly, 
the effects of the various stages of the steelmaking process 
on the hydrogen content are considered.—c. F. 

Apparatus for the Measurement of the Internal Friction of 
Metals in Transverse Vibration. B. 8S. Berry. (Rev. Sci. 
Instruments, 1955, 26, Sept., 884-887). The apparatus, 
incorporating a piezoelectric pump serving as an exciter and 
detector, is used for the measurement of the internal friction 
of vertically-suspended specimens vibrating transversely in 
vacuo. The total external loss rarely exceeds 5% of the 
observed internal friction.—t. D. H. 

Magneto-Elasticity of Polycrystalline Iron and Nickel. V. 
Narasimhan. (Indian J. Phys., 1955, 29, Jan., 27-37). The 
expression for the change in Young’s modulus of a ferro- 
magnetic body, derived from Akulov’s theory, is extended 
to the case of the rigidity modulus. Experiments with soft 
iron and nickel, in a static method, give results agreeing with 
those predicted. (14 references).—k. E. J. 
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Measurement of Tenacity. P. Azou. (Chim. Analy., 1956, 
38, Mar., 75-86). The real meaning of tenacity is examined 
theoretically, and a definition is given. A method of measuring 
tenacity is described, and the influence of various factors is 
reported.—t. E. D. 

Discontinuous Elongation of Austenites Subjected to the 
Ordinary Tensile Test at High Temperatures. X. Wache. 
(Compt. Rend., 1955, 240, May 9, 1892-1894). The results of 
tensile tests on austenitic alloys at high temperature are 
discussed. The phenomenon of discontinuous: elongation is 
evidence of a phase not in physicochemical equilibrium and 
hence related to the instability of the alloy. A recording 
spring-dynamometer was used to’ plot the relationship 
between the elongation and the applied load at various 
temperatures up to 800° C.—G. E. D. 

Influence of Rate of Deformation on the Mechanical Charac- 
teristics of Steel Obtained in Tensile Tests. F. F. Pedanov, 
(Zavodskaya Laboratoriya, 1955, 21, (7), 847-849). [in 
Russian]. Experiments are described in which test-pieces of 
three steels were subjected to tensile tests with deformation 
speeds varying from 2 to 60 mm per sec. The effects of these 
variations on the test results are shown.—s. kK. 

Behaviour of Welds between Rolled Steel Sections and Steel 
Castings during the Pulsating Tensile Test. K. Wellinger and 
P. Gimmel. (Schweissen u. Schneiden, 1955, '7, Dec., 496-50:;). 
An investigation is reported on the behaviour of fillet and buit 
welds between a steel casting and rolled steel section when 
subjected to the pulsating tensile test. The pulsating tensile 
strength of the fillet and butt welds was found to be about 
18-24 kg/mm? while that of the steel casting alone was 20 
kg/mm2. The lower load limit was 1 to 2 kg/mm?.—v. E. 

Effects of Skewing of Test-Pieces on the Endurance Strength 
of Alloys. M. V. Pridantsev and G. V. Estulin. (Zavodskaya 
Laboratoriya, 1955, 21, (6), 718-721). [In Russian]. An 
account is given of an investigation of the effect of a small 
non-alignment of a test-piece on the time required to fracture 
it by a tensile load at high temperatures. Skewing by as 
little as 1-5° was found to reduce the time greatly, the effect 
being most marked with relatively hard and coarse-grained 
alloys. With skewing the sensitivity to notching also in- 
creased. These effects in certain high-temperature alloys are 
attributed to insufficient reserves of plasticity. Skew high- 
temperature tensile tests are useful as additional parameters 
for characterizing the suitability of alloys for high-temperature 
service under complex loads.—s. k. 

Semi-Automatic Grips. M. A. Shchurenko. (Zavodskaya 
Laboratoriya, 1955, 21, (5), 625). [In Russian]. A _ brief 
account is given of a semi-automatic device for gripping 
cylindrical tensile test-pieces with heads.—s. k. 

Tests with Chromium-Manganese Case-Hardening Steels. 
W. Breuer. (Hadrterei-Tech. Mitt., 1952, 8, (1), 24-32). The 
bending test and notched-bar impact test on modern Cr—Mn 
case hardening steels show great variations. These are caused 
by differences in grain size of the austenite during hardening. 
Small grain size is recommended for structural steels but large 
grain size is preferred for static properties.—R. P. 

Device for the Bend-Testing of Grey Iron Specimens. N. I. 
Bulakh. (Zavodskaya Laboratoriya, 1955, 21, (6), 741-742). 
{In Russian]. A simple device for the bend-testing of cylindri- 
cal grey-iron test-pieces is described.—s. kK. 

Method of Evaluating the Sensitivity of Materials to Cracks. 
B. A. Drozdovskii and Ya. B. Fridman. (Zavodskaya Labora- 
toriya, 1955, 21, (5), 579-589). [In Russian]. The bend-testing 
of specimens of constructional steels having previously- 
generated cracks is described, the effects of cracks of different 
origin being compared. In the main part of the investigation 
the cracks were produced by repeated impact loading. Here 
it was found that the order of the various materials tested 
differs depending on whether the parameters are, on the one 
hand, the breaking load and the work of deformation in static 
bending or, on the other, the toughness and plastic properties 
in tension. A given material could, when cracked, fail at a 
lower static load than one less tough and similarly cracked. 
In high-strength steels the sensitivity to cracks could be 
especially pronounced and differ greatly from heat to heat. 
and for these the use of cracked test pieces is particularly 
advisable, For crack-sensitive steel there was a certain depth 
of crack which, for a given form of test-piece, led to a sharp 
fall in the breaking bending load. Other methods of producing 
cracks were: single-loading and cathodic-hydrogen cracking, 
but the corresponding results were less reproducible than with 
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repeated impact-loading. All the methods led to concordant 
breaking-load values if the sharpness of the crack and, 
particularly, its direction relative to the greatest normal stress 
in bending are the same.—s. K. 

New Machine for the Torsion Testing of Wire. A. A. Prus. 
(Zavodskaya Laboratoriya, 1955, 21, (4), 489). [In Russian]. 
A brief account is given of a new torsion testing machine for 
wire which automatically records torque against angle of 
twist and has an improved system for measuring the deforma- 
tion.—S. K. 

The Stress-Corrosion Cracking of Austenitic Stainless Steels. 
Part Il—Fully-Softened, Strain-Hardened, and Refrigerated 
Material. J. G. —'. and T. P. Hoar. (J. Iron Steel Inst., 
1956, 188, 166-172). [This issue]. 

Dynamic ble IE of the Compressibility of Metals. 

W. Goranson, D. Bancroft, B. L. Burton, T. Blechar, 
E. E. Houston, Elisabeth F. Gittings, and S. A. Landeen 
(J. Appl. Phys., 1955, 26, Dec., 1172-1179). Equation of state 
data have been determined by measuring shock and free 
surface velocity in a plate stressed by high explosive detona- 
tion. A limitation is necessary for steel where an elastic 
wave of compression moves with a higher velocity than the 
shock wave up to a certain pressure which depends on the 
dynamic yield point.—r. E. w. 

Effects Produced by Explosives with Lined Cavities in Steel. 
8. Singh and P. H. Gandhi. (Research, 1956, 9, Feb., 55-61). 
\ description is given of the changes in microstructure and 
microhardness and the types of fracture produced in massive 
medium-carbon steel targets by jets from high explosive 
charges in copper-lined conical cavities (‘‘ shaped charges ”’). 
From the experimental observations, a mechanism of forma- 
tion is established for the crater in the target. (17 references). 

Georges Charpy: 1864-1945. E. N. Simons. (Brit. Steel- 
maker, 1955, 21, Dec., 402-403). A brief account is given of 
the work of Georges Charpy. Particular attention is given 
to the Charpy impact test, which is compared with the Izod 
test.—G. F. 

The Mechanism of the Fracture of Specimens with the 
Standard Notch During Impact Bending. B. S. Kasatkin. 
(Izvest. Akad. Nauk SSSR, Otdelenie Tekn. Nauk, 1955, (7), 
75-83). [In Russian]. The mechanism of the formation of 
fractures under impact bending was investigated on specimens 
from MSt-3 hot rolled low carbon steel. On the basis of 
metallographic and X-ray studies of fractures, a mechanism 
for their formation is postulated.—v. Gc. 

Resistance to Wear and Residual Stresses in Metal. P. E. 
D’Yachenko and T. V. Smuchkova. (Jzvest. Akad. Nauk, 
SSWS.R., Otdelenie Tekn. Nauk, 1954, (4), 73-79). [In 
Russian}. The influence of residual stress in the surface layer 
of steel specimens (caused by mechanical working) on their 
wear, and changes in the residual stresses and work hardening 
of the surface layer during the process of wear were investi- 
gated. In the discussion of results obtained it is stressed that 
the relationships found are valid only for the experimental 
conditions used in the work.—v. G. 

Defects of the Type IMCh-30 Hydraulic Universal Testing 
Machine. R. A. Kuznetsov. (Zavodskaya Laboratoriya, 
1955, 21, (2), 254). [In Russian]. Some defects in a new 
testing machine first produced in 1953 are briefly discussed. 

Comparison of Stress-Relaxation Criteria Obtained with 
Ring-shaped and os Test Pieces. Burduksii. 
(Zavodskaya Laboratoriya, 1955, 21, 226-228). [In Russian]. 
Tests with cylindrical and ring-shaped test pieces of an 
austenitic steel at 600° C and initial stresses of 15 kg/sq mm 
in which relaxation criteria were determined are described, 
and the significance of the results assessed.—s. kK. 

Method of Pre-Treatment in Stress-Relaxation Tests. Ya. S. 
Gintsburg. (Zavodskaya Laboratoriya, 1955, 21, (2), 223-226). 
{In Russian]. The pre-treatment method developed in 
relaxation tests enables the suitability of steel for service 
under conditions of relaxation of bolted joints and springs to 
be evaluated. The technology for the production of the 
steel part and its pre-treatment can also be selected. The 
duration must be kept as short as possible; it is determined 
from experimental data of pre-treatments of 1 hr. and over, 
increasing with temperature. The pre-treatment stress is 
selected in relation to the service temperature of the steel 
being investigated.—s. kK. 

Long-Term Rupture Tests on Metals. L. Ya. Liberman. 
(Zavodskaya Laboratoriya, 1956, 21, (2), 218-222). [In 
Russian]. The Larson—Miller relation T°k (C + In time to 
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rupture) = const. was found to hold for many alloy steels. 
This parameter was satisfactory for accelerated tests of the 
long-term strength. The tests were carried out at a higher 
temperature than required and the value for the required 
temperature was calculated from the above relation, in which 
C is generally in the range 18-22. The percentage error liable 
to result from the use of the relation for various steels is 
considered. The relation between the parameter and the 
stress for pearlitic and austenitic steels is plotted.—s. K. 

Formula for Determining Resistance to Fracture. P. 5S. 
Sokolov. (Zavodskaya Laboratoriya, 1955, 21, (4), 507-508). 
{In Russian]. Different formulae for determining true 
strength are considered on the basis of data for a variety of 
steel test pieces.—s. K. 

Polarization-Optical Method of Measuring Stresses in Actual 
Structural Elements. Z. D. Vishnevetskii. (Zavodskaya 
Laboratoriya, 1955, 21, (4), 480-482). [In Russian]. Special 
techniques for using optical-polarization strain-gauges on 
full-size structural units are outlined. A new design of 
double polariscope is described.—s. kK. 

Effect of Microstructure on the Morphology « Fracture. 
Part 0. J.C. Danko, R. D. Stout. (Welding J., 1956, Feb., 
77s-8ls). It is shown that in the coarse-grained ferrite 
pearlite microstructure of 1025 steel, the initiation of cleavage 
failure occurred at the ferrite grain boundaries and ferrite 
pearlite interface. Mechanical twins may also initiate 
failure. The areas of pearlite had a tendency to arrest 
fracture since the cleavage behaviour of pearlite appears 
highly dependent on orientation.—v. E. 

Method for Studying the Stability of Residual Stresses 
during Cyclic Loading. M.M. Kobrin. (Zavodskaya Labora- 
toriya, 1956, 21, (4), 467-472). [In Russian]. An account 
is given of a simple method for evaluating the removal of 
residual stresses by pre-treatment involving bending or tor- 
sion. The evaluation is based on the change in length of a 
smooth test-piece. The results for steel show that compara- 
tively large stresses are required for the removal of residual 
stresses produced by surface work-hardening. Complete 
removal occurs only above the endurance limit when the 
bending and torsion stress-gradient is large; with large 
specimens (smaller gradient) the treatment is more effective. 

Electrical Method of Measuring Deformation during the 
Torsion Testing of a Metal. N.G. Mikhailichenko. (Zavod- 
skaya Laboratoriya, 1955, 21, (4), 472-475). [In Russian]. 
A new installation consisting of a testing machine with an 
elastic load-measuring device and a tensometric apparatus is 
described by the aid of which torsional deformations can be 
recorded. The method, based on the measurement of elastic 
deformations of a rod, is sufficiently accurate and reliable for 
normal testing and is relatively simple. The record it 
provides (coordinates torque and angle of twist) is more com- 
plete than those of existing installations. A curve obtained 
for a structural steel test piece 10 mm in diameter is presented. 

Method for Determining Shear Modulus. I. N. Ermoloy 
se E. Kh. Ripp. (Zavodskaya Laboratoriya, 1955, 21, (6), 

26-727). [In Russian]. The application to the determina- 
Ma of shear modulus at high temperatures of a method 
recently developed for the high-temperature determination 
of moduli of normal elasticity is described. Results obtained 
for two steels at temperatures up to 700° C are presented. 

The Effect of Microstructure on Notch Toughness—Part III. 
J. H. Gross, R. D. Stout. (Welding J., 1956, Feb., 72s—76s). 
The effect of microstructure on notch toughness of a fine- 
grained plain carbon steel (0:32% C) was studied. It is 
shown that a higher cooling rate during transformation has a 
beneficial effect on notch toughness. The spacing of the 
pearlite is of secondary importance. In_ ferrite—pearlite 
aggregates the ferrite grain size is decisive and pearlite of low- 
carbon content resulting from dilution with ferrite exhibits 
unusually good notch toughness. Small amounts of untem- 
pered martensite markedly reduce notch toughness.—v. E 

The Charpy V-Notch Test Piece for Testing Mild Steel for 
Welding Purposes. G. Malmberg. (Jernkontorets <Ann., 
1956, 140. 2, 87-100). [In Swedish]. Impact-temperature 
curves were obtained for a series of steels: 8 rimming, 8 semi- 
killed and 10 killed. It is concluded that a minimum mean 
value of 3-5 kgm/cm? should be quite suitable as a standard 
for impact tests on weldable steels, variations in specifications 
being checked by laying down different test temperatures 
whilst keeping the impact value constant. A suggestion is 
made that in any series of test bars, none should exhibit an 
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impact value at the specified temperature which is less than 
2-6 kgm/cem?.—e. G. K. 

A Method for the Determination of the Total State of 
Deformation from an X-Ray Photograph.—II. G. Kemmnitz. 
(Z. Metallkunde, 1955, 46, Sept., 720-721). Formulae are 
derived for the calculation of total deformation from X-ray 
photographs.—t. D. H. 

Stress Measurements in Cast Iron by the Modified Invariant 
Method. H. Schlechtweg. (Giesserei, Technisch- Wissenschaft- 
liche Bethefte, 1955, May, 801-803). There are three possible 
methods for stress measurements in cast iron when, instead 
of Hooke’s elastic law in the virgin state, a non-linear law is 
followed. They are: the stress sum-and-difference method, 
the invariant method and the modified invariant method. 
In the first and the last a knowledge of normal strain perpen- 
dicular to the surface is not necessary. The necessary 
formulae for the modified invariant method are developed 
and used in one practical case, given as an example.—R. J. w. 

X-Ray Measurements of Internal Stress, and their Use in 
Evaluating the Strength of Structures. M. Cermak. (Hutnické 
Listy, 1956, 11, (1), 21-26). [In Czech]. Formulae for the 
determination of internal stresses by X-rays, based upon 
Brandenberg’s representation of the theory of elasticity, are 
derived, and are shown to facilitate the attainment of much 
higher accuracies than by older methods.—?. F. 

The Graphical Processes in Radiographic Strain Measure- 
ment. G. Kemmnitz. (Arch. Eisenhiittenwesen, 1955, 26, 
Aug., 437-443). The author describes diagrammatic methods 
for the interpretation of X-ray strain measurements to give 
the internal stresses and material constants. The methods 
are claimed to be of especial value for the practical application 
of radiological strain measurement.—A. C. 

Comparison of Radiographically and Mechanically Measured 
Strains in Cast Iron. V. Hauk. (Arch. Eisenhiittenwesen, 
1955, 26, Aug., 449-453). Following earlier experiments, 
comparative tests were carried out using three types of grey 
east iron with various graphite structures. The different 
stress-strain diagrams for tensile, compressive, and bending 
loads are discussed in relation to the effects of the different 
graphite formations and their variation under stress. Infer- 
ences as to the nature of the stressing and straining process 
are drawn from a comparison of the mechanical and X-ray 
measurements.—A. C. 

Characteristics of the Surface Layers and Elastic Constants of 
0-43% Carbon Steel Determined by X-Ray Stress Measurement. 
H. Hendus and C. Wagner. (Arch. EHisenhiittenwesen, 1955, 
26, Aug., 455-461). A description is given of radiological 
tests to determine the elastic stress-strain characteristics and 
the internal stresses, using test specimens of steel containing 
0-16, 0-43 and 0-76% carbon. Experimental and theoretical 
results are compared and discussed.—a. Cc. 

Industrial Applications of Radiographic Stress Measurement. 
A. Schaal. (Arch. Eisenhiittenwessen, 1955, 26, Aug., 445-447). 
After a discussion of the principles involved, a photographic 
method is described for the rapid determination both of the 
sense and the magnitude of stresses. Examples are given of 
the determination of internal stresses, and of the effects of 
static and dynamic loading on the internal stresses.—a. c. 

Residual Stress in Cold-Drawn Steel Tube. I. H. Imai. 
(Tetsu to Hagane, 1956, 42, Jan., 23-28). [In Japanese]. 
Methods of measuring residual stress are compared; that based 
on corrected micrometer measurements of the diameter is 
better than that using an optical comparator. Specimen 
length should be 2-0—2-5 x the outside diameter. Distri- 
bution diagrams are given for residual circumferential stress 
in plug-drawn and sunk tubing drawn with dies of different 
contour.—kK. E. J. 

The Scale Effect in the Cup Drawing Test. J. F. Wallace. 
(J. Lron Steel Inst., 1956, 188, 144-148). [This issue]. 

Studies on Ball-Bearing Steel. IV. Effect of the Tempering 
Temperature on the Internal Stress of Ring-Type Test Pieces. 
M. Ueno and T. Mura. (Tetsu to Hagane, 1956, 42, Jan., 
29-34). [In Japanese]. Circumferential and radial stresses 
were determined for ring-type test pieces after quenching and 
after tempering at 130, 180, and 200° C, and analysed accord- 
ing to structural changes occurring. (13 references).—k. E. J. 

On the Thermal Aspect of Fatigue. A. M. Freudenthal and 
J. H. Weiner. (J. Appl. Phys., 1956, 27, Jan., 44-50). The 
highly localized temperature and associated thermal stress 
gradients in front of active slip planes which result from the 
conversion into heat of the work in slip of the resolved shear 
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stress, may be of sufficient severity to account for the initiation 
of micro-cracks parallel to the slip planes. The effect of 
thermal characteristics of the metal in fatigue performance 
is discussed.—k. E. W. 

What You Can Do About Metal Fatigue. A. G. Gray. (Steel, 
1956, 188, Jan. 16, 68-72). The problem of failure from metal 
fatigue is considered and suggestions are made for minimizing 
trouble; there is also a section on fatigue testing.—D. L. ©. Pp, 

The Fatigue Resistance of Machine Parts. R. Cazaud. 
(Métaux Corrosion—Indust., 1956, 31, Jan., 1-17). The general 
theories of fatigue are briefly considered. The influence of the 
shape and metallurgical state on the fatigue of machine parts 
is discussed with examples. The increase in fatigue resistance 
by fine polishing of the surface is explained and the fatigue 
of parts due to corrosion is mentioned.—B. G. B. 

Study of Creep of Chrome-Molybdenum Steels Made by 
Aciéries Electriques d’ARBED at Dommeldange. J. Biren and 
P. Wagener. (Rev. Tech. Luxembourg, 1955, 47, Oct.-Dec., 
205-224). A comprehensive account of an investigation into 
the creep properties of chrome-molybdenum steels of the 
type used in power stations is presented. The fundamental 
principles of creep and creep testing are first discussed. The 
tests were carried out on specimens having different composi- 
tions, but all of the same general type. The influence of heat 
treatment and composition on creep resistance has been 
studied. The majority of the test conditions were related to 
the use of the steel.—B. G. B. 

Contribution to the Measurement of the Modulus of Elasticity 
and Damping of Sintered Materials. RK. Palme and W. Scheiber. 
(Planseeberichte, 1955, 8, Dec., 87-95). The moduli of elasticity 
of carbon- and alloy sintered steels are measured and results 
discussed. The apparatus consists of an emitter causing 
oscillations in the test-bar and an indicator for the amplitudes 
of the vibrations.—R. P. 

Investigation of the Fatigue of Metals by X-ray Scattering. 
A. Franks and J. Holden. (Nature, 1955, 176, Nov. 26, 
1022-1023). Low angle scattering of X-rays have given results 
of promise in detecting fatigue damage in metals.—n. G. B. 

The Alternating Bending Strength of Armco Iron at Various 
Grain Sizes. H. Hendus and G. Kraus. (Z. Metallkunde, 
1955, 46, Sept., 716-720). Experiments on the alternating 
bending strength of Armco iron at grain sizes between 0-03 
and 3-2 mm showed that the strength diminished rapidly 
with increasing grain size. The effect is due to the occurrence 
of intercrystalline fatigue cracks; in almost all cases a platelike 
precipitation parallel to the (101) planes was observed, 
attributed to the separation of 7-carbide.—t. D. H. 

Fatigue—What We Do and Don’t Know About It. G. R. 
Gohn. (S.A.E.J., 1955, 68, Sept., 38-44). The author presents 
a concise review of the present state of knowledge of the 
various aspects of metal fatigue. The initiation of fatigue 
and the shortenings of theory are discussed, followed by an 
account of other mechanical properties of metals which leads 
to the conclusion that fatigue bears no relation to any of 
them. Factors that affect fatigue strength, such as structure, 
test procedure, and shot peening are also discussed.—P. M. c. 

Resistance to Fatigue. I. Bertolini. (Libreria Editrice 
Politecnica Cesare Tamburini Milan, 1952). [In Italian]. The 
author gives a very comprehensive review of the subject of 
fatigue in metals. (135 references).—m. D. J. B. 

Studies of Fatigued Railway Rails. I. 1. Konishi, M. 
Kawamoto, H. Miki, M. Adachi, B. Kundo, J. Takamura, 
Y. Niwa, and H. Goto. (Tech. Rep. Eng. Res. Inst., Kyoto 
Univ., 1955, 5, Mar., 19-52). Trials with a magnetic flaw 
detector show that most of the recording curves obtained are 
due to unevenness in the upper rail surface, and some quanti- 
tative relationships may be deduced. The quenching of the 
steel and ‘‘ dappled rails ’’ may cause traces. Deformation 
due to fatigue is one of the causes of unevenness.—kK. E. J. 


Consideration of the Precision of the Vickers and Rockwell 
Hardness Measurements. E. Rossow. (Métaux Corrosion- 
Indust., 1955, 30, Dec., 476-483). The Vickers measurement 
is considered to have an accuracy of the order of 5%. Analysis 
of the sources of error has shown that the personal error of 
operators is the largest. Elimination of these personal errors 
leaves a residual error of the order of 0-5 to 2%. Comparison 
with the Rockwell C technique shows that the latter is more 
rapid and has superior precision. However, the Vickers value 
is superior to the Rockwell value in accuracy if both are based 
on a series of observations.—B. G. B. 

Changes in the Hardness of Pure Metals During Heating. 
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ABSTRACTS 24] 


M. G. Lozinskii and 8S. G. Fedotov. (Izvest. Akad. Nauk 
S.S.S.R., Otdelenie Tekn. Nauk, 1954, (4), 80-85). [In Russian]. 
An apparatus for measuring hardness of metals at tempera- 
tures up to 1100°C in vacuo is described. Experimental 
results obtained for aluminium, copper, iron (0:°05°% C), 
nickel, cobalt, titanium, molybdenum, and tungsten are 
given.—-vV. G. 

Studies on the Wetting Effect and the Surface Tension of 
Solids. The Change in Scratch Hardness of Metals due to 
Wetting by Liquids. M. Sato. (Proc. Japan Acad., 1955, 31, 
Nov., 620-623). The scratch hardness of steel is shown to be 
decreased by wetting with methanol, glycerine, and distilled 
water.—B. G. B. 

The Influence of Small Amounts of Work Hardening on 
the Mechanical and Technological Properties of Steel Strip. 
L. Dainelli and L. Coeciolo. (Met. Ital., 1955, 47, Nov., 501 
504). [In Italian]. This paper studies the influence of small 
5 ak of work hardening (0-5 to 4%) on cold rolled and 
annealed mild steel strip. The work done on the strip is similar 
to that done on a skin pass mill. The tests described were 
carried out on basic open hearth steel with 0-09 C, 0-50 Mn, 
0-011 P, 0-038 S, and 0-27 Cu, hot rolled into strip 150 mm 
wide in thicknesses of 1, 1-5, and 2 mm. Analyses of the 
results are given in some detail.—xm. D. J. B. 

Studies on the Brittle Failure of Tankage Steel Plates. F. J. 
Feely, M. 8S. Northup, 8. R. Kleppe, and M. Gensamer. 
(Welding J., 1955, 34, Dec., 596s—606s). Results are reported 
of tests carried out on tankage steel plates to determine the 
causes of failure. A practical solution to the tank building 
problem has been recommended.—v. E. 


The Effect of Heat Treatment, Dressing and Ageing on the 
Cold Brittleness of Rail Steel. G. 1. Pogodin-Alekseev and 
N. 8. Artemenko. (Stal’, 1955, (5), 455-458). [In Russian]. 
Impact tests with smooth test pieces indicated that the best 
heat treatment for reducing cold brittleness was normalization. 
Normalized test-pieces were subjected to special bending tests, 
to evaluate the influence of the cold-dressing process by which 
rails are straightened after final cooling. The bending pro- 
cedure eliminated the beneficial effects with respect to cold 
brittleness of normalizing. Finally, a study of the cold- 
brittleness of the normalized steel before and after dressing 
and after dressing and artificial ageing showed the influence 
of ageing to be small.—s. k. 

On the Accuracy of the Determination of Wear of Machine 
Parts Using Radio-Active Indicators. Yu. 8. Zaslavskii, G. I. 
Shor, and F. B. Lebedeva. (Jzvest. Akad. Nauk S.S.S.R., 
Otdelenie Tekn. Nauk, 1954, (1), 54-59). [In Russian]. The 
accuracy of the determination of wear of machine parts using 
radioactivity was investigated on an example of an irradiated 
piston ring. It was found that an irradiated piston ring has a 
uniform macro and micro distribution of radioactive atoms 
throughout the whole mass of the metal and is suitable for 
quantitative determination of wear.—v. G. 

Some Recent Experiments in Friction. E. P. Bowden and 
E. H. Freitag. (Nature, 1955, 176, Nov. 19, 944-946). The 
results of friction experiments carried out over a wide range 
of speeds up to 1000 metres/sec are described. The frictional 
process at very high speeds is different from that occurring 
at low speeds.—3. G. B. 

Wear of Metals by Sand Erosion. W. A. Stauffer. (Metal 
Progress, 1956, 69, Jan., 102-107). A description of a machine 
for testing the resistance of metals to erosion by sand sus- 
pended in water is given. This is of great importance in con- 
nection with hydraulic turbines. The results of tests carried 
out are given and agree well with those obtained in practice. 

Effect of Precipitation in the Embrittlement Temperature 
Range of 475° C on Magnetic Properties of Iron-Chrome Alloys. 
E. Baerlecken and H. Fabritius. (Stahl u. Eisen, 1955, 75, 
Dec, 29, 1774-1784). Saturation, Curie point, and coercivity 
were observed for iron—chrome alloys (containing 24-66% Cr) 
in the embrittlement range. The experimental results are 
presented and discussed.—a. c. 

Electronic Apparatus for the Measurement of an 
Susceptibilities. J. Joussot-Dubien, B. Lemanceau, and A. 
Pacault. (J. Chim. Phys., 1956, 54, Feb., 198-205). The 
apparatus, which is compact and simple to use, gives results 
comparable with those obtained using classical apparatus. 
The theory is given, and the apparatus described.—t. E. D. 


Spontaneous Magnetogalvanism and Magnetization in Some 
Irreversible Ferronickels. A.-L. Perrier and E. Ascher. 
(Compt. Rend., 1955, 240, Mar. 7, 1066-1068). It is normally 
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impossible to vary the spontaneous magnetization of ferro- 
magnetic materials at constant temperature and vice versa. 
This problem can be overcome by using irreversible ferro- 
nickels.—G. E. 

The Effects of ‘Cold Work Upon the Properties of Permanent 
Magnet Alloys. T. Mishima, K. Tachikawa, and T. Oya. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Apr., 215-219). [In 
Japanese]. The effects of various degrees of cold working and 
ageing on mechanical and magnetic properties were deter- 
mined for Co—Fe—V, Co—Fe—Cr, Fe—Ni-Cr, and Co—Fe—Cr-V. 
The transformation of y- to a-phase during cold work is 
accompanied by a linear increase of saturation induction 
value, and magnetic anisotropy appears with severe cold 
work.—k. E. J. 

Variation in Fatigue Properties Over Individual Casts of 
Steel. Part I Investigation of a Cast of Steel to B.S.970 
Specification En.100. Ineson, J. Clayton-Cave, and R. J. 
Taylor. (J. Iron Steel Inst., 1956, 188, 177-184). [This issue]. 

The Barkhausen Effect. R. 8S. Tebble. (Proc. Phys. Soc., 
B, 1955, 68, Dec. 1, 1017 1082). The domain structure of an 
iron-like crystal is considered. The only mechanism which 
will produce discontinuities of the observed size and give the 
usual hysteresis curve is one in which the movement of a 
limited section of a 180° domain boundary is delayed by a 
non-magnetic inclusion of cross-sectional dimensions 1 — 2 

10° cm. Hysteresis ioss in ferromagnetic materials is 
best brought about by reducing the number of inclusions 
within the critical size range.—k. E. J. 

— Domain Structure in Twinned Crystals of Silicon 
Iron. KR. Street and E. O. Hall. (Proc. Phys. Soc., B, 1955, 68, 
Dec., 1033-1037). The modification of magnetic domain 
structures on 110} surfaces of single crystals of 3-5% Si 
Fe by the presence of twin bands is examined by colloid 
deposition techniques. The structure is determine 1d by the 
presence of free poles, alternately of opposite sign, on the 
twin/crystal interface, giving regular domains separated by 
180° boundary walls.—k. E. J. 

Ferromagnetic Domains in Permanent Magnet Materials. 
L. F. Bates. (Research, 1955, 8, Dec., 462-472). An account 
is given of the domain concept and its application to ferro- 
magnetic metals. Tests of theories by the powder pattern 
technique are described, and applications of the technique to, 
e.g. Alnico and columinar Alcomax, are explained.—k. Ek. J. 

The Effect of Heat Treatment on the Hysteresis Loss in 
Hot-Rolled Transformer Sheet. I. Lihl and P. Zemsch. (Arch. 
Eisenhiittenwesen, 1955, 26, Sept., 535-540). The authors 
describe investigations of the variation in hysteresis losses 
with treatment temperature and time. A steel containing 
4-3% Si and 0-25% Al was used, and magnetic and metallo- 
graphic examinations made of the variously annealed speci- 
mens. The results of the tests are discussed in relation to the 
Néel theory.—a. Cc. 

A Short Review of Ultrasonic Non-Destructive Testing of 
Iron and Steel Products. W. Demicheli. (Jng. Mecc., 1955, 4, 
Oct., 9-16). [In Italian]. The author describes briefly the 
principal methods of ultrasonic non-destructive testing and 
reviews the main applications in industry, namely: production 
control, acceptance tests, and the field testing of pieces. 
Present and future possibilities of ultrasonic testing are 
discussed.—-m. D. J. B. 

The Effect of Deoxidation Practice and Hot Work Reduction 
on the Occurrence of Magnaflux Indications in E4340 Type 
Steel. A. F. Sprankle. (Reg. Tech. Meet. Amer. Iron Steel 
Inst., 1955, 269-295). The author has studied the effects on 
magnaflux test indications of the amount and type of hot 
work carried out on test ingots from two heats of Ni-Cr—Mo 
aircraft steel, one deoxidized with calcium-silicon and the 
other with ferrosilicon. The calcium-silicon deoxidant is 
shown to give considerably lower magnaflux indications, and 
the effects of hot working are tabulated and discussed.—e. F. 

Xeroradiography. P. J. Farmer. (Aircraft Prod., 1956, 18, 
Jan., 8-12). The equipment for rapidly producing radio- 
graphs by an electrostatic method is described. Improved 
contrast and greater sensitivity is possible than with photo- 
graphic film.—t. E. D. 

Comparison between the Continuous and Impulse Wave 
Methods of Testing Materials. A. de Sterke. (Metalen, 1956, 
11, Feb. 29, 77-89). [In Dutch]. This article is based on a 
paper read in Dec. 1953 at Rotterdam replying to a question 
raised before a meeting of the Roentgen Technisch Dienst 
(X-Ray Technical Service). The author makes a comparison 
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between these methods of detecting hidden faults in materials 
and welds. A table appears indicating their relative advan- 
tages and disadvantages. To conclude, there is a lengthy 
discussion. with the author’s replies to the points raised. 
X-Ray Spectral Analysis with Counting Tube Appliances. 
G. Lang. (Z. Metallkunde, 1955, 46, Sept., 616-620). Modern 
developments in X-ray emission and absorption analysis are 
described, with particular reference to the use of counters. 


Intensification of the X-Ray Image in Industrial Radiology. 
A. Nemet and W. F. Cox. (Proc. Inst. Elect. Eng., Preprint 
U1881, 1955, July). The application of an X-ray image 
intensifier tube, originally designed for medical diagnosis, to 
industrial radiology, is described.—t. D. H. 

Directions of Zero Strain in the Unstressed State, and Their 
Significance in Radiographic Stress Measurement and Struc- 
tural Testing. F. Binder and E. Macherauch. (Arch. Eisen- 
hiittenwesen, 1955, 26, Sept., 541-545). The equation for 
strain-free directions is evolved. The axially symmetric, the 
unidirectionally stressed, and the shear-stressed cases are 
dealt with in particular, though other stress cases are briefly 
considered. It is shown that the strain-free directions exist 
for all cases. In radiographic work it is possible to select the 
direction of the incident rays so that the normal to one of 
the crystal lattice plane assemblies is in line with one of these 
directions.—aA. C. 

Performance of a 15 mV Betatron in the Radiography of 
Steel. H. Moller, W. Grimm, and H. Weeber. (Arch. Hisen- 
hiittenwesen, 1955, 26, Oct., 603-609). Tests were carried out 
on the Siemens—Reiniger 15 mV betatron in order to compare 
its performance with that of the Brown-Boveri 31 mV 
betatron. The results are claimed to show that the 15 mV 
betatron is a useful and trouble-free means for the testing of 
materials, having an advantage over the 31 mV betatron in its 
smaller weight.—a. ©. 

Visible Penetrant Dye Method Finds Defects in Jet Parts 
Faster at Less Cost. (Western Metals, 1954, 12, Dec., 66-67). 
The uses and applications of Met-L-Chek Flaw-Findr, a 
penetrant dye for crack detection, are described. Flaws and 
cracks are revealed by soaking the parts in a bath of the 
penetrant dye, followed by rinsing and “ development ” by 
a spirit developer spray.—P. M. C. 

Radiography of Metals. (Metal Progress, 1955, 68, Aug. 15, 
185-194). Factors affecting the efficacy of this non-destructive 
technique for detecting discontinuities in metals are discussed 
in detail.—s. G. B. 

Electronic “ Private Eyes * Guard Against Structural Flaws 
in Jet Components. A. S. Billings. (Western Metals, 1954, 12, 
Oct., 63-65). A general account is given of the methods 
of inspection and their fields of application at the Ryan 
Aeronautical Co., California. X-radiography, fluorescent, and 
dye penetrants, magnetic particle techniques, and spectro- 
scopy are dealt with.—P. M. Cc. 

Industrial X-Ray. (Process Control, 1955, 2, Apr., 132-134). 
Some aspects of industrial X-ray equipment are reviewed, a 
few typical examples being described and illustrated.—t. D. H. 

Application of the Rheo-electric Analogue to the Problems 
of Industrial Research. P. Germain. (Rev. Soc. Roy. Belge 
Ing. Indust., 1955, Dec., 479-493). The use of this technique 
for solving the Laplace equation is described. Examples of 
the application of the technique to heat transfer calculations 
in coke ovens is explained.—. G. B. 

Graphical-Analytical Treatment of Dilatometric Curves. 
M. M. Levitan. (Zavodskaya Laboratoriya, 1955, 21, (6), 
712-716). [In Russian]. An attempt is made to develop a 
generalized form of a graphical-analytical method of treating 
differential dilatometric curves. The treatment enables 
quantitative determinations of mean coefficients of linear 
expansion and phase-changes in alloys during heating and 
cooling to be made.—-s. K. 

Influence of Addition of Nickel on the Thermal Expansion, 
Rigidity Modulus and its Temperature Coefficient of the Alloys 
of Cobalt, Iron and Chromium, Especially of Co-Elinvar. II. 
Additions of 30 and 40% Nickel. H. Masumoto, H. Saito, 
Y. Sugai. (Sci. Rep. Res. Inst. Téhoku Univ., 1955, 7A, 
Dec., 533-540). The influence of 30 and 40% additions of 
nickel on the thermal expansion in the range 10—50° C, on 
the rigidity modulus at 20° C, and the temperature coefficient 
of the modulus of alloys of cobalt, iron, and chromium, was 
investigated, and are reported in detail. Nickel-bearing Co- 
elinvar had better mechanical properties than the plain 


ternary alloys.—J. G. w. 
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Studies on Mechanical Properties at Elevated Temperature 
of Timken 16-25-6. I. T. Hasegawa, O. Ochiai, and J. Ino. 
(Tetsu to Hagane, 1956, 42, Jan., 44-49). [In Japanese]. The 
creep resistance and yield strength at Sane C were increased 
by long-time solution treatment before age-hardening, as the 
precipitate was more finely divided. The effects of long- and 
short-time solution treatment on ductility, etc., were investi- 
gated in various t E. J. 

Room- and Elevated-Temperature Mechanical Properties 
of AISI Type 414 and Type 431 Stainless Steels. E. J. Dulis, 
S. J. Parker and P. W. Marshall. (Trans. Amer. Soc. Metals, 
1955, 48, Preprint No. 41). Results are given for tests on 
the tensile properties at room temperature and in the range 
370-600° C and for creep and creep-rupture properties in ‘he 
_ 480°- 650" C of the following stainless steels:— 

12% Cr, 2% Ni, 0°015% N; 12% Cr, 2% Ni, 0-124% N; 
16% Cr, 2% Ni, 0-010% N; 16%, Cr, 2 2% Ni, 0-063%N. 

Keyhole notch transition temperatures were also deter- 

mined for the two lower nitrogen content steels.—r. E. w. 


Experimental Superheater for Steam at 2000 p.s.i. and 
1250° F.—Progress Report after 12,000 Hours of Operation. 
F. Eberle, F. G. Ely and J. A. Dillon. (Trans. Amer. Soc. 
Mech. Eng., 1954, 76, 665-677). Results are given of an 
examination of tube sections removed from an experimental 
superheater after 6950 hr of operation at 1250° F. Most 
of the tubing alloys used were of the austenitic stainless steel 
type and no evidence of serious impairment of essential 
properties could be detected in any of them. Some of the 
weld metals, however, particularly 18/12 Mo and 17/14 Cu—Mo, 
suffered considerable impact embrittlement.—D. H. 

Carbon and Nitrogen in Iron Alloys: Solubilities under 
Various Conditions. (ron Coal Trades Rev., 1955, 171, 
Dec. 30, 1593-1597). A summary is given of information, 
presented at the Autumn Meeting of the Iron and Steel 
Institute, concerning the thermodynamics of carbon dissolved 
in liquid iron alloys and the solubility of nitrogen in solid 
iron.—G. F. 

High Nitrogen Steels: New Stainless Family. D. J. Carney. 
(Steel, 1955, 187, Nov. 7, 138-744). Development of a new 
nickel-free stainless steel by U.S. Steel Corp. is described. 
Many experiments were made adjusting chromium, nickel, 
and nitrogen contents, and compositions were found where 
high nitrogen contents could be held, to maintain the stability 
of austenite up to 2300°F. Properties and applications 
are indicated.—D. L. C. P. 

The Effects of Nb, V, Ti and N on the Properties of Ni-Cr—Co 
(20-15-15%) Series Heat-Resisting Steel for Gas Turbines. 
S. Koshiba and T. Kimo. (Tetsu to Hagane, 1956, 42, Jan., 
39-43). [In Japanese]. Forgability and oxidation resistance 
were improved by Nb additions, while N improved tensile 
strength at high temperatures. As to ageing hardness after 
solution treatment at 1200° C, and creep limit, the untreated 
specimens were superior.—k. E. J. 

The Effect of Non-Metallic Inclusions and Molybdenum on 
the Mechanical Strength of 18% Cr Steel. K. Ono and R. 
Sasaki. (TJ'etsu to Hagane, 1955, 41, Dec., 1258-1264). 
[In Japanese]. Tests were made with steel containing 
0:13-0:20% of C and 12-69-13-13% of Cr, with varying 
inclusions, and with Mo contents up to 1-06%. Inclusions 
do not affect tensile strength, but reduce impact strength at 
high temperatures and rotating-bending fatigue strength. 
The tensile and fatigue strengths of the steel decrease with 
temperature, but the endurance ratio increases. Mo increases 
the tensile and fatigue strengths at high temperatures, the 
latter being doubled by _—— the Mo content from 0 to 
1-06%. (11 references).—kK. E. 

Boron in Case-Hardening and Strengthened Steels. K. 
Bungardt and E. Kunze. (Hdrterei-Tech. Mitt., 1953, 8, 
(2), 21-33). The influence of small and large boron additions 
is discussed with particular reference to hardness. Relevant 
curves are shown.—R. P. 

Causes and Cures of Some Blemishes and Faults in Railway- 
Wheel Tyres. T. Myslivec and S. Hoiejs. (Hutnické Listy, 
1956, 11, (1), 1-9). [In Czech]. Methods of production and 
their relation to faults are reviewed. The author’s experi- 
ments indicate that (a) segregation is not a cause, but may 
accentuate fracture in the presence of internal stresses; 
(b) surface blowholes and cracks can be prevented by adding 
the correct amount of aluminium to the melt, i.e. 0-1-0-2 
kg/ton; (c) internal flaking can be prevented by regulated 
cooling of the tyres, or possibly by anti-flaking anneals of 
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the tyres or the pear-shaped ingots; (d) water quenching is 
preferable to oil quenching; (e) aluminium additions to the 
ladle result in impact-strength improvement throughout 
the tyre; (f) water quenching, followed by tempering improves 
the wear-resistance.—P. F. 

Working Experience of a Works Laboratory at a Machine- 
Construction Works. O. L. Bendryshev. (Zavodskaya 
Laboratoriya, 1955, 21, (2), 249-251). [In Russian]. The 
organization of a works laboratory including metallurgical, 
technological, mechanical, chemical, spectral, corrosion, and 
experimental sections is described.—s. K. 


METALLOGRAPHY 


The Bonding Conditions in Metallic Phases. U. Dehlinger, 
H. Schenk and W. Weser. (Z. Metallkunde, 1955, 46, Sept., 
647-650). It is argued that bonding in metallic phases is 
a general case of a Bloch method, of which homopolar and 
heteropolar bonding represent rare boundary cases. <A 
number of examples are discussed.—t. D. H. 

The Binding Energy of Nitrogen in a Dislocation. W. R. 
Thomas and G. M. Leak. (Proc. Phys. Soc., B, 1955, 68, 
Dec. 1, 1001-1007). The solubility of interstitially-dissolved 
nitrogen has been measured in annealed and cold-worked 
a-iron by the internal friction technique. In annealed iron, 
the heat of solution of N, in equilibrium with a pptd. nitride, 
is 0-26 eV per atom. In cold-worked iron, the equilibrium 
is between N atoms in free solution and bound in dislocation 
sites; the binding energy is 0-75-0-8 eV per atom. (12 
references).—K. E. J. 

A New Method of Measuring the Last Debye-Scherrer 
Lines with the Tube Counter. R. Berthold and V. Gerold. 
(Z. Metallkunde, 1955, 46, Sept., 599-601). A counting tube 
with an annular diaphragm is described, lines being measured 
by the alteration in distance of the preparation.—t. D. H. 

Dislocation Densities in Some Annealed and Cold-Worked 
Metals from Measurements on the X-ray Debye-Scherrer 
Spectrum. G. K. Williamson and R. E. Smallman. (Phil. 
Magq., 1956, 8th Series, 1, Jan., 34-46). Two basic equations 
are derived for deducing the dislocation density in powdered 
materials from the particle size and strain breadth measured 
from the Debye-Scherrer spectrum. Results are given for 
several metals, and the effects of purity, treatment, ete., 
are considered; results for iron include dislocation densities 
for the annealed and cold-worked metal, and estimates of 
the range for heavily cold-worked metal. (12 references). 

Determination of Diffusion Coefficients of Elements in 
Ferrite with Aid of Radioactive Isotopes. V. M. Golikov and 

. T. Borisov. (Zavodskaya Laboratoriya, 1955, 21, (7), 
824-827). [In Russian]. The theory of diffusion-coefficient 
determination in ferrite with the aid of radioactive isotopes 
is considered and ways of allowing for processes occurring 
in the deposited radioactive layer are described. The tech- 
nique was used for studying the self-diffusion of iron in an 
iron—chromium alloy. Values of the diffusion coefficient were 
obtained at annealing temperatures of 650-850° C and gave 
an activated energy higher than for pure iron.—s. kK. 

Condition of Boron in Alpha Iron. W. R. Thomas and 
G. M. Leak. (Nature, 1955, 176, July 2, 29-31). Measure- 
ments have been made on iron wires containing 0:05% boron 
using the internal friction technique. The results suggest 
that boron is in interstitial solution in a iron.—s. G. B. 

Microstructural Observation of the Decarburized Zone of 
Alloy Steels. A. A. Popov and M. 8. Mikhalev. (Zavodskaya 
Laboratoriya, 1955, 21, (4), 447-449). [In Russian]. A new 
method for enabling the decarburized zone of low- and high- 
carbon alloy steels to be observed by examination of micro- 
structures is based upon the finding that the lower the carbon 
content of decomposing austenite the more rapid and complete 
is the intermediate transformation. The small specimen is 
soaked at the second-stage temperature for the duration of 
the incubation period for the initial austenite-content and is 
then rapidly cooled. The decarburized zones are indicated 
by the presence of large quantities of intermediate-transition 
products. —S. K. 

Study of the Homogeneity of Alloys and Mobility Along 
Grain Boundaries with the Aid of Radioactive Isotopes. 
8. Z. Bokshtein, T. I. Gudkova, 8S. T. Kishkin and L. M. 
Moroz. (Zavodskaya Laboratoriya, 1955, 21, (4), 423-432). 
(In Russian]. The theory of the autoradiographic method 
$ applied to the study of the distribution of elements in 
alloys is discussed, and suitable methods are described. 
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Results obtained for carbon in cast steel (0-33% C), for tin in 
iron and for various elements in nickel are illustrated and 
examined. During the study of the kinetics of element 
redistribution the possibility was noted of increased hetero- 
geneity as a result of diffusional annealing. The mobility of 
components was found to be considerably greater in deformed 
than in cast alloys. Diffusion inside a crystal and along grain 
boundaries can be studied photometrically.—s. k. 


CORROSION 


Sodium Sulfate in Gas Turbines. E. L. Simons, G. F. 
Browning and H. A. Liebhafsky. (Corrosion, 1955, 11, Dec., 
17-26). At about 950° C and under reducing conditions, 
stainless steel (25% Cr, 20° Ni) can be rapidly destroyed by 
sodium sulphate in the fuel ash. E xperimental evidence is 
given and the mechanism of the attack discussed.—,. F. s. 

Corrosion Control on Offshore Drilling and Producing Equip- 
ment. C. J. Fritts. (Corrosion, 1955, 11, Nov., 25-30). 
Recommendations are made for protecting steel piling in 
and above the sea based on experience of an oil company. 
Vinyl paint is used in the atmospheric zone. In the most 
corrosive environment, the splash zone, a choice may be made 
between ‘ Gunite,’ Monel or plastic jacketing, porcelain enamel- 
ling, sheet Neoprene, flame-sprayed polyethylene, metallizing 
and plastic tapes or vinyl mastic over vinyl paint. Cathodic 
protection with magnesium anodes is preferred underwater. 

A Note on the Value of Ammonia Treatment for Tank and 
Casting Annulus Corrosion by Hydrogen Sulphide. W. F. 
Rogers. (Corrosion, 1955, 11, Nov., 42-44). The injection 
of anhydrous ammonia into the vapour space of tanks storing 
crude oil did not reduce the corrosion rate unless the steel was 
free of iron sulphide corrosion products. In these circum- 
stances protection was afforded for about six months but 
then, in the presence of hydrogen sulphide, the corrosion 
rate reverted to the normal value.—J. F. s. 

Use of Ammonia to Prevent Casing Corrosion. 
Greenwell, R. Loncaric and H. G. Byars. (Corrosion, 
11, Nov., 45-50). The theoretical considerations 
suggest that ammonia will prevent corrosion of internal casing 
of oil wells are reviewed. When the pH value exceeded 6, 
ammonia prevented further corrosion of panels first corroded 
in air-free, saturated hydrogen sulphide solution. Details are 
given of service tests using a high pressure lubricator to 
inject the the ammonia. The ammonia is believed to have 
penetrated below the zone of most corrosion and the economies 
of the method are favourable.—J. F. s. 

Electrochemical Studies of the Hydrogen Sulphide Corrosion 
Mechanism. 8S. P. Ewing. (Corrosion, 1955, li, Nov., 
51-55). The anodic and cathodic reactions in the 

of iron by hydregen sulphide brines in the absence of oxygen 
are stated and supported by experimental evidence. The 
corrosion potential depends only on the hydrogen sulphide 
activity of the solution and the partial pressure of molecular 
hydrogen. A thin copper coating has conferred protection 
in a laboratory test. The effect of oxygen is mentioned 
briefly. Reference is made to the similarity between carbon 
dioxide and hydrogen sulphide.—s. F. s. 

Electrode Potentials. G. W. Akimov. (Corrosion, 1955, 
11, Nov., 31-40, Dec., 27-46). Characteristics of reversible 
and irreversible electrode potentials are defined with reference 
to their ionic patterns. Polarization of a metal surface is 
related to the limits of ionic exchange. The theory of 
electrode potentials is considered mathematically and in 
terms of dipole surface layers. Factors which affect the 
electrode potentials include the chemical nature of the metal, 
its surface state, absorbed atoms and molecules particularly 
O, and H,, mechanical deformation and stress, chemical 
nature and concentration of the environment, temperature, 
velocity of the solution, and time. The relative magnitude 
of these factors is considered and particular reference is made 
to solutions containing oxidizers and chlorides.—J. F. s. 

Non-Uniform Anodic Dissolution; Water-Line Attack. 
A. M. Peers. (Trans. Faraday Soc., 1955, 51, Dec., 1748- 
1754). Preferred dissolution of mild steel anodes in the vici- 
nity of the meniscus has been found to occur under certain 
conditions in oxygen-free sodium chloride solutions. It is 
concluded that solutions which support localized dissolution 
are those in which the concentration changes at the anode 
surface which accompany the passage of current tend to 
reduce the anodic over potential, dissolution taking place 


H. E. 
1955, 
which 


corrosion 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








244 ABSTRACTS 


preferentially at the meniscus zone where the concentration 
changes are magnified by hindered diffusion.—s. G. B. 

Electrochemistry of Stainless Steel in Sulphuric Acid. 
G. H. Cartledge. (Nature, 1956, 177, Jan. 28, 181-182). 
The electrode potential during the transformation of an air- 
stable oxide film to the surface-state that exists in dilute, 
aerated sulphuric acid at temperatures between 25° and 90° C 
has been continuously recorded. The results obtained are 
discussed in relation to those obtained by other workers. 

Feeding Chemicals to Boilers in Steel Mill Power Plants. 
D. E. Noll. Blast Furn. Steel Plant, 1956, 44, Jan., 82-86). 
Techniques developed for the addition of phosphates and 
sodium sulphite into boiler water are described.—n. G. B. 

Tentative Standard Method for the Assessment of the Rust- 
Preventing Characteristics of Hard Film and Soft Film Tem- 
porary Corrosion Preventives. (J. Inst. Petroleum, 1956, 42, 
Feb., 50-54). Results leading to a proposed standard method 
of testing the efficacy of hard and soft petroleum type coatings 
in inhibiting the corrosion of steel specimens are described in 
detail. The tests are carried out under conditions of high 
humidity and with SO, in the air.—n. G. B. 

Corrosion of Metals in Alkaline Solutions. On the Contact 
Corrosion of Dissimilar Metals. I. Mild Steel-Aluminium 
Alloy. H. Endo, N. Ohtani and 8. Shimodaira. (Nippon 
Kinzoku Gakkai-Si, 1954, 18, Apr., 211-214). [In Japanese]. 
Experiments were made in Na,CO, solutions at 30°. The loss 
in wt. of mild steel decreases at pH > 8, owing to cathodic 
protection. The loss in wt. of aluminium is accelerated by 
contact with mild steel; when [OH’] is large, the rate is 
determined by the reaction H* -> H, and when small by 
the reaction Al(OH), + NaOH —> NaAlo,. i, 3.3. 

The Exterior and Interior Protection of Underground Steel 
Conduits. T. Sunnen. (Rev. Tech. Luxembourg., 1955, 47, 
Apr.—-June, 97-101). A short account of the design and 
cost of cathodic ~ Ge nega of protection for underground steel 
pipes is given.—B. G. 

Cathodic Sateen. F. Ritter. (Werkstoffe Korrosion, 1955, 
6, Nov., 523-527). A general factual exposition of methods and 
procedure for the cathodic protection of buried or immersed 
metals, based mainly on American publications.—J. c. H. 

The Effect of Alloying Elements in Iron on Hydrogen 
Overvoltage and Corrosion Rate in Acid Environments. 
M. Stern. (J. Electrochem. Soc., 1955, 102, Dec., 663-668). 
The effect of 0-1% Cu, Si, and Mn respectively, 0-02% S and 
P respectively on the hydrogen overvoltage and corrosion 
rate of iron in 0-1M citric acid, 0-1M malic acid and 4% 
NaCl solution was studied. Sulphur, phosphorus and 
carbon reduced corrosion resistance but copper and manganese 
mitigated the effect of sulphur. The results are interpreted 
on the basis of the hydrogen overvoltage measurements. 

Mathematical Studies on Galvanic Corrosion. IV. Influence 
of Electrolyte Thickness on the Potential and Current Distri- 
butions over Coplanar Electrodes Using Polarization Para- 
meters. J. IT. Waber and Bertha Fagan. (J. Electrochem. 
Soc., 1956, 108, Jan., 64-72). Detailed numerical evaluation 
of Fourier series were made to elucidate the opposing influences 
of liquid depth and the polarization parameter in a ‘ micro- 
scopic ’ galvanic cell. It is shown that in thin films 
corrosion attack is confined largely to the immediate vicinity 
of the anode-cathode boundaries and that this region tends 
to enlarge.—aA. D. H. A 

Electrochemical Corrosion in Nearly Neutral Liquids. 
U. R. Evans. (J. Electrochem. Soc., 1956, 108, Jan., 73-85). 
The author reviews his fundamental researches on corrosion 
of metals in nearly neutral liquids. The influence of varia- 
tions in the physical state of the surface and chemical compo- 
sition of the liquid, measurements of corrosion current and 
pitting are discussed.—a. D. H. 

Corrosion of Condenser Tubes. G. Zamorani. (Calore, 
1955, 26, Oct., 438-446). [In Italian]. The author examines 
the principal causes of corrosion in condenser tubes, the 
various types of corrosion and the preventive measures which 
can be taken to overcome its worst effects.—m. D. J. B. 


ANALYSIS 


A Ferricyanide-ceriometric Determination of Vanadium. 
B. Suseela. (Anal. Chim. Acta, 1955, 18, Dec., 543-545). 
A volumetric method is described in which ceric sulphate is 
used instead of permanganate to titrate the ferrocyanide 
formed by the oxidation of vanadyl ions with alkaline ferri- 
cyanide.—k. E. W. 
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A Method for the Simultaneous Quantitative Analysis of 
Carbon and Sulphur in Steel and Cast Iron. F. L. Racine. 
(Gen. Motors Eng. J., 1955, 2, July—Aug., 20-22). The same 
sample can be used for both Cand S determinations, and con- 
siderably greater accuracy is claimed for this method. The 
entire process is completed in four minutes, and a novel 
feature of the method is the use of an electronic titrimeter. 


Direct-Reading Analysis with the Medium Quartz Spectro- 
graph. D. J. Webb. (Hilger J., 1955, 2, Nov., 19-24), 
A direct reading attachment, containing 11 photomultiplier 
tubes, for the Hilger medium quartz spectrograph is described. 
10 elements can be determined.—B. G. B. 

Spectroanalytical Installation with Voltage Control Mechan- 
ism. K. Mohl, E. Schael, and J. Bruch. (Arch. Hisenhiitten- 
wesen, 1955, 26, Nov., 669-673). The authors describe an 
installation and control equipment that has been developed. 
The control system is claimed to be simple, and voltage to be 
free of fluctuation.—a. c. 

Trace Analysis Using Radioactive Isotopes. W. Herr. 
(Arch. Eisenhiittenwesen, 1955, 26, Sept., 523-526). The 
fundamentals, general advantages, and sensitivity of the 
method are discussed, and application to the determination 
of phosphorus in iron is described. Possible sources of error 
are reviewed.—A. C. 

Potentiometric Determination of Vanadium in High-Chrome 
Steels. J. Biinger. (Arch. LEisenhiittenwesen, 1955, 26, 
Nov., 675-678). The author refers to the lack of a vis ual 
method of volumetric analysis, and to attempts at potentio- 
metric determination. He discusses the disturbing influence 
of unidentified substances, and gives methods of neutralizing 
their effects. Suitable experimental procedure is described. 

Use of Mathematical Statistics for Studying the Reproduci- 
bility of the Chemical Analysis of Non-Alloy Steels. S. A. 
Genshaft, V. V. Nalimov and V. G. Pines. (Zavodskaya 
Laboratoriya, 1955, 21, (7), 877-880). [In Russian]. Results 
of chemical determinations of carbon, sulphur and_phos- 
phorus in steel are subjected to statistical analysis and 
reproducibilities at various concentration levels are discussed, 

Colorimetry, Its Application to the Chemical Analysis of 
Cast Irons. V. Kuhn. (Fonderie, 1955, June, 4560-4562). 
The principles of colorimetric analysis are reviewed and its 
application to the analysis of cast irons is very briefly consi- 
dered.—B. Cc. W. 

A Method for the Colorimetric Determination of Free 
Cyanide in Electrolytic Baths. G. Heilmann. (Metallober- 
flache, 1955, 9, Dec., 2084-2094). 

The Use of the Vacuum Heating Method for the Determina- 
tion of Hydrogen in Iron. E. I. Egorov. (Zavodskaya 
Laboratoriya, 1955, 21, (6), 659-661). [In Russian]. In the 
investigation described the effects of sampling procedures 
and other factors on the results of vacuum-heating determina- 
tions of hydrogen in cast iron were studied.—s. K. 

Determination of Hydrogen in Cast Iron. Yu. A. Klyachko, 
A. G. Atlasov and Yu. D. Labut’ev. (Zavodskaya Labora- 
toriya, 1955, 21, (6), 651-658). [In Russian]. A_ special 
apparatus for analysing gases from the vacuum fusion of 
iron is described and the effects of sampling methods on the 
results of hydrogen determination are considered. Vacuum 
fusion was found to be the most reliable method for hydrogen 
determination, best results being obtained when the metal 
sample is rapidly cooled without wetting in a water-cooled 
mould. Hydrogen was not evolved during storage at room 
temperature of basic- and foundry-iron samples cooled in 
water and in air.—s. K. 

The Aluminium Reduction Method for the Determination of 
Oxygen in Steel Used in the Laboratories of The Steel Company 
of Wales Ltd. (Newport Division). J. E. Wells. (J. Iron Steel 
Inst., 1956, 188, 184-186. [This issue]. 

Determination of Boric Acid in Nickel-Plating Electrolytes. 
I. M. Yurist and P. G. Shakhova. (Zavodskaya Laboratoriya, 
1955, 21, (5), 539). [In Russian]. An improved procedure 
for finding the end point in the determination of boric acid in 
nickel-plating baths by titration in the presence of precipitated 
nickel is described.—s. kK. 

Copper Salicylaldoxime and its Use in the Heterometric 
Microdetermination of Copper in the Presence of Foreign 
Metals. M. Bobtelsky and E. Jungreis. (Anal. Chim. Acta, 
1955, 18, Nov., 449-454). Clear end points were obtained 
in the presence of iron (~ 95%) only if the solution contained 
citrate as a masking agent.—k. E. w. 

Resorcylaldoxime as an Organic Reagent. 





A. K. Mukherjee. 
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(Anal. Chim. Acta, 1955, 18, Oct., 334-339). Methods are 
described for the use of resorcylaldoxime for the determina- 
tion, in the presence of other ions, of copper (pH of solution 
1-4) and of nickel (pH 4-2-6-55).—«. E. w. 

Oxidations with Alkaline Permanganate using Monovalent 
Thallium for the Back Titration. I. M. Issa and R. M. Issa. 
(Anal. Chim. Acta, 1955, 18, Oct., 323-327). Tests using 
monovalent thallium instead of formic acid for back-titrating 
alkaline permanganate have proved successful in the estima- 
tion of Cr?+,—r, E. w. 

Titrimetric Determination of Aluminium in Steel. C. 
Elliott and J. W. Robinson. (Anal. Chim. Acta, 1955, 18, 
Oct., 309-312). This method is based on an acid—base 
titration of Al*+ first in the absence and then in the presence 
of fluoride. The iron is first separated by using dichloro- 
diethyl ether.—s. E. w. 

Residual Analysis of Pig Iron and Cast Iron. I. Electro- 
lysis. A. Wittmoser and H. Bockshammer. (Arch. Eisen- 
hiittenwesen, 1955, 26, June, 319-328). Owing to the high 
carbon content, there are great difficulties in the application 
to pig iron and cast iron of the method developed by Klinger 
and Koch for the residual analysis of steels. To avoid these 
difficulties, the attempt was made to electrolyse the whole 
of a sample instead of the outer surface only. A technique 
was developed, and its application to the electrolysis of 
cast iron alloys is described.—a. c. 

Residual Analysis of Pig Iron and Cast Iron. II. Separation. 
A. Wittmoser and W.-D. Gras. (Arch. Eisenhiittenwesen, 
1955, 26, July, 379-388). Existing methods of separation 
require considerable time and apparatus, and suffer from the 
destruction of important constituents such as cementite, 
and difficulties in the fusion of graphite. The authors 
describe an improved method, using the simplest equipment, 
that has been developed for the separation of cementite, 
graphite, oxides, etc., from isolated residues. Cementite is 
magnetically separated, while graphite is separated from oxides 
by a flotation process. The method is stated to have wide 
application.—a. c. 

Spectro-Analytical Determination of Carbon in Steels. 
M. Tér6k and G. Szikora. (Acta Techn., 1955, 18, (1-2), 
165-185). [In German]. Higher accuracies are shown to 
be attainable if the spark is struck in an atmosphere of 
hydrogen rather than in air. The gas enters through a 
central bore in the copper anti-cathode, the latter being 
enveloped by a quartz jacket. The design of the electrodes, 
the experimental procedure, and the accessories used are 
described in detail.—P. F. 

The Separation and Direct Determination of Titanium, 
Iron and Aluminium by Means of Cupferron and Complexone- 
Il. Z. Vecéefa and B. Bieber. (Prdce Ceskoslovenského 
Vizkumu Slévérenského (Appendix to Slévdrenstvi, 1955, 8, 
(11)). [In Czech]. 

Optical Procedure for the Determination of Trace Elements 
by Concentration. H. Specker. (Arch. LEisenhiittenwesen, 
1955 Dy 26, May, 267-270). After a short review of spectro- 
scopic analysis, the necessity of concentration of trace 
elements is indicated. Methods of concentration and 
separation are given, making use mainly of organic reagents. 

Nephelometric Determination of Copper. W. — and 
C. Mahr. (Arch. Eisenhiittenwesen, 1955, 26, May, 274). 
Reference is made to recent literature, and the oetie sal use 
of turbidity for quantitative analysis is illustrated. The 
suitability of the method and the effects of experimental 
conditions and procedure are examined.—a. Cc. 

Photometric Determination of en in Steel. 
J. Biinger. (Arch. Hisenhiittenwesen, 1955, 26, June, 333- 
335). A review of the literature is given. The use of thio- 
cyanate and the reduction of the test-solution with tin(II)— 
chloride is referred to. The author describes a method that 
has been developed to enable the easy and rapid determination 
of molybdenum content.—a. c. 

Determination of Nickel, Chromium and Molybdenum, 
Using the Spekker Absorptiometer. J. Winning and S. 
Miller. (Metallurgia, 1956, 58, Jan., 50-52). Details are 
given of an improved method for deter mining these elements 
using inexpensive chemicals and av oiding the use of perchloric 
acid or silver nitrate. A considerable increase in speed of 
analysis also claimed. . B. 

Electrolytic Analysis: The Mercury Cathode Apparatus as 
Applied to Ferrous Materials. (Jron Steel, 1956, 29, Feb., 
61-62). The development of the B.T.L. Magnetic Mercury 
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Cathode electrolytic analysis apparatus is described, and 
operating details are given. The scope and limitations of the 
method in ferrous analysis are outlined.—c. F. 

Co-precipitation of Cobalt with Nickel Dimethylglyoxime. 
G. K. Schweitzer and B. L. McDowell. (Anal. Chim. Acta, 
1956, 14, 2, February, 115-120). Experiments have shown 
that minimum co-precipitation is obtained by the slow 
addition of ammonia to an acid solution containing salts of the 
two metals and dimethylglyoxine at 25° C followed by a 30- 
minute digestion.—k. E. Ww. 

Separation of Calcium and Aluminium from Iron by an 
Ion Exchange Method. ©. Samuelson and B. Sjdéberg. 
(Anal. Chim. Acta, 1956, 14, 2, February, 121-125). Using 
an anion exchanger in the citrate form calcium passes into 
the effluent while iron and aluminium are taken up in the 
column; the latter is then eluted using concentrated hydro- 
chloric acid.—®. E. W. 

Bromometric Determination of VanadiumV by ee 
G. 8. Deshmukh and M. G. Bapat. (Anal. Chim. Acta, 1956, 
14, 3, March, 225-227). Accurate results have been obtained 
over a wide range by reducing vanadium V with hydrazine 
in a high concentration of hydrochloric acid; the excess 
hydrazine is back titrated against standard potassium 
bromate, using the dead-stop end-point procedure. Hydrazine 
is preferentially oxidised by bromate in the presence of 
vanadiumlV,—r. EF. w. 

Gravimetric Method for Determining Tungsten in Concen- 
trates and Alloy Steels. V. V. Stepin and E. Silaeva. 
(Zavodskaya Laboratoriya, 1955, 21, (2), 149-151). [In 
Russian]. The use of pyramidone for the gravimetric deter- 
mination of tungsten is described.—s. K. 

The Use of 4-Amino-4’-Chlorodiphenyl Hydrochloride for 
the Determination of Sulphur in Coal. H. ©. Wilkinson. 
(Analyst, 1956, 81, Jan., 9-11). The bomb combustion 
method is used. Kesults of analyses of 12 coals show the 
mean difference in sulphur contents determined using this 
reagent and by the Eschka method is 0-:03% 8S. Analysis 
time is reduced by 30 mins.—tT. E. D. 

Chromatographic Separation and Analysis of Gas Mixtures. 
J. Janak. (Paliva, 1955, 35, (12), 357-361). [In Czech]. 
Foreign and Czechoslovak developments in gas chromato- 
graphy up to 1954 are reviewed, and the theoretical principles 
discussed. An instrument produced commercially in Czecho- 
slovakia, suitable for the analysis of coke-oven gases and other 
gas mixtures, is described.—P. F. 

On the Determination of Oxygen and Combustible Material 
in Coal. os Romovatékova and F. M. Kessler. (Paliva, 
1955, 85, (12), 351-356). [In Czech]. Oxygen was determined 
directly by the reduction of pyrolytic products on a layer of 
carbon, and their subsequent re-oxydation to carbon dioxide. 
The latter is then determined gravimetrically. The method 
was tested successfully in the case of a number of coals. A 
new, rapid, method for calculating the oxygen content of 
coals from the data is developed. The method is shown to 
be applicable also to the evaluation of the content of other 
elements, and to be superior to those in current use.—P. F. 

Note on Gas Analysis Absorbents for Carbon Monoxide. 
Y. Okinaka and T. Kato. (Technol. Rep. Téhoku Univ., 
1953, 18, (1), 12-15). The absorption efficiency of six 
different cuprous copper solutions, commonly used in carbon 
monoxide analyses, was measured. None of the solutions 
was found efficient and it is concluded that two or three 
absorption pipettes should be used in succession, with a 
freshly prepared solution in the last, and frequent checks of 
the partial pressure of CO over this solution need to be made. 

Determination of Sulphur in Coal and Coke by the Sheffield 
High Temperature Method. K. A. Mott and H. C. Wilkinson, 
(Fuel, 1956, 35, Jan., 6-18). The development of this com. 
bustion method of determining sulphur is described. An 
account of recent work on factors influencing the accuracy 
of the method is given. These factors include the rate of 
flow of oxygen, rate of pushing into the hot zone, and the design 
of absorber.—B. G. B. 

Methods for Detecting and Determining Carbon Monoxide. 
R. L. Beatty. (U.S. Bur. Mines, Bull. No. 557, 1955). 
A detailed review of this subject is presented, together with a 
comprehensive bibliography citing 175 references.—B. G. B. 

Spectrochemical Analysis of Clays and Fireclays. G. 
Hartleif and H. Kornfeld. (Arch. Hisenhiittenwesen, 1955, 
26, June, 329-332). The authors discuss the advantages and 
disadvantages of three different methods, and the possibilities 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








246 ABSTRACTS 


of error under certain conditions. The analytical methods 
used by the authors are described, and their results compared 
with those given by wet-chemical methods.—a. c. 

Some Applications of Polarography to Slag Analysis. Ch. 
Killens. (Silicates Indust., 1955, 20, Dec., 477-478). [In 
French]. The methods of polarography are briefly reviewed, 
and the elements in slags which can be determined by this 
method are listed. Fe, Ti, Cd, Zn, and possibly Na and K, 
= be determined even if present in concentrations of 1% or 
ess.—P. F. 

Estimation of Silica. A. K. Majumdar and S. Banerjee. 
(Anal. Chim. Acta, 1955, 18, Nov., 424-426). Under suitable 
pH conditions, silica has been quantitatively precipitated 
as the silicomolybdic salts of either 5,6-benzoquinaldine or 
8-hydroxyquinaldine. The salts are stable and non-hygro- 
scopic and may be weighed either directly after drying at 
110°-150° C or after igniting to silicomolybdic anhydride at 
550° C with free access to air.—k. E. w. 

Use of the Isotope C'* for Studying the Diffusion of Carbon 
in Metals. P. L. Gruzin, Yu. A. Polikarpov and M. A. Shumi- 
lov. (Zavodskaya Laboratoriya, 1955, 21, (4), 417-423). [In 
Russian]. In the investigation described the diffusion of 
carbon in a- and y-iron, iron with 2-1% Si, and in nickel was 
studied. The specimen was case-hardened using a mixture 
containing radioactive carbon and diffusion was followed by 
measuring radioactivities at various depths after soaking 
under various conditions of temperature and time. The 
values of the diffusion coefficients and activation energies 
obtained agreed well with published results. The diffusion 
coefficients in austenite and nickel were very similar, and the 
use in elucidating the behaviour of carbon in iron-nickel alloys 
is indicated.—-s. K. 


INDUSTRIAL USES AND 
APPLICATIONS 


Thomas Steel for Rails. M. Srinivasan. (Railway Gaz., 
1956, 104, Jan., 27, 98-100). The satisfactory use of basic 
bessemer steel for rails in many parts of the world is discussed. 
Criticisms of basic bessemer steel for this purpose are consi- 
dered.—n. G. B. 

What We Know About Cam and Tappet Materials Design 
and Lubrication. (S.A.z.J., 1955, 68, Sept., 56-65). Cam 
and tappet face failure in automobile engines can be classified 
into three categories: gradual and smooth wear, scuffing, and 
spalling or flaking through fatigue. Recent experiences and 
findings of General Motors’, Ford’s, and Chrysler’s engineers 
are reviewed at some length with special reference to: (1) the 
most suitable combinations of materials, (2) the shape of 
contacting surfaces, and (3) the choice of lubricants.—». mo. c. 

High-Strength Low-Alloy Steels. ©. M. Parker. (S.A.E.J., 
1955, 68, July, 50-54). A general appraisal is made of the 
properties and applications of high-strength low-alloy steels 
having a total alloy content of 2-3%. The author stresses 
the usefulness of these steels in motor vehicle construction, 
particularly because of their toughness, corrosion resistance, 
ease of fabrication and superior strength to weight ratio as 
compared with plain carbon steels.—pP. M. c. 

Study of 7% and 8% Chromium Creep-Resisting Steels for 
use in Steam Power Plant. M. G. Gemmill, H. Hughes, J. D. 
Murray, F. B. Pickering, and K. W. Andrews. (J. Iron Steel 
Inst., 1956, 188, 122-143). [This issue]. 

All-Metal Honeycomb Sandwich Structures. J. V. Long 
and G. D. Cremer. (S.A.#.J., 1955, 68, Apr., 52-55). The 
honeycomb sandwich has extraordinarily high strength to 
weight ratio, excellent stiffness, good thermal and acoustical 
insulation properties, excellent fatigue resistance and high 
damping ability. Foil thin ribbons joined in honeycomb 
pattern comprise the core which is sandwiched between metal 
facings or skins by brazing. The composite structure when 
made of alloy steels or heat resisting alloys is designed, to 
withstand the high stresses and temperatures encountered 
in supersonic flight—both inside and outside the aircraft. 

Chrome-Steel Springs Endure Heat Best. F. P. Zimmerli 
and W. P. Wood. (S.A.E.J., 1954, 62, Nov., 35-38). Results 
are given of fatigue and relaxation tests on springs in the 
temperature range —75 to 650° F. Seven types of material 
were tested. With the exception of high-speed steel and 
18/8 stainless, chrome-silicon steel springs gave the lowest 
load loss or set in both static and dynamic tests in the tem- 
perature range from atmospheric to 450° F. Shot peening 
did not improve the performance.—P. M. Cc. 
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The Selection and Application of Stainless Steel in the 
Chemical Process Industries. (Metal Progress, 1955, 68, 
Aug. 15, 37-49). The applications discussed are limited to 
chemical solutions that carbon and other metals cheaper 
than stainless steel do not resist satisfactorily. General 
corrosion, intergranular corrosion, stress corrosion cracking 
and pitting can cause failure of stainless steels. Minor 
variations in environment have a marked effect on tho 
service life of stainless steel. Design and fabrication prac- 
tices can also greatly influence performance.—B. G. B. 

Scientific Points of Comparison Between the Various 
Methods of Bending Sheet Metal. ©O. Kienzle. (Microtecnic, 
1955, 9, (4), 177-184). The seven main methods of bending 
sheet metal over straight edges are outlined. A device fo: 
bending free from shear stresses is described, with its applica- 
tions to the determination of bending moments. The geo- 
metry and precision of the bending operation are discussed. 


HISTORICAL 


Metallurgical Treatises of the 16th to 18th Centuries: 
B. Gille. (Techn. Civil., 1955, 4, Nov.—Dec., 181-186). 
Metallurgical works of Riiblein von Kalbe, Agricola, Vanoccio 
Biringuccio, Dud Dudley, Alvaro Alonso Barba, Réaumur, 
Etienne-Jean Bouchu and Gaspard de Courtivron and of 
many others are outlined.—t. E. D. 

Tubal Cain. R. J. Forbes. (Metalen, 1956, 11, Mar. 15, 
101-108). [In Dutch]. Beginning with Tubal Cain as “ the 
first artificer in metals,” the author traces historically the 
development of metallurgy and siderurgy throughout the ages 
amongst the primitive peoples in various parts of the world. 


MISCELLANEOUS 


Towards Efficient Experimentation. H. C. Hamaker. 
(Metalen, 1955, 10, Dec. 15, 489-497). [In Dutch]. The 
author advocates the proper analysis of experimental data 
on a statistical basis to cope with the large random fluctua- 
tions, the need for large numbers of observations and the 
numerous variables encountered in modern industrial con- 
ditions. Seven practical examples are given.—F. R. H. 

Isotopes and Metal Engineering. G. G. M. Carr-Harris. 
(Canad. Metals, 1955, 18, Apr., 26-32; May 5, 22-26). The 
application of radioactive isotopes in the design and production 
of metal products is discussed. 

The Scattering of u.-Mesons in Lead and Iron. J. L. Lloyd 
and A. W. Wolfendale. (Proc. Phys. Soc., A, 1955, 68, Nov. 1 
1045-1065). Cloud-chamber experiments, using Pb and Fe 
plates, were made to determine the dependence of the scat- 
tering of z-mesons on momentum, sign, and at. no. The results 
agree with theories, pom Moliére’s (point nucleus). 
(29 references).—k. E. 

Monte Carlo Methods in Heavy Industry. H. G. Jones and 
A. M. Lee. (Operational Res. Quart., 1955, 6, Sept., 108-116). 
The statistical study of batch processes is discussed, particular 
reference being made to the prevention of ‘ bunching’ of 
O.H. furnaces.—s. G. B. 

Use of Radioactive Isotopes in Metallurgy. he V. Kornev. 
(Zavodskaya Laboratoriya, 1955, 21, (1), 42-55). [In Russian]. 
This is a survey of recent work outside the U S. S.R. in which 
radioactive isotopes were used in metallurgical research and 
testing.—S. K. 

Statistical Methods in Metallurgy. U. R. Evans. (Metal- 
lurgia, 1955, 52, Sept., 107-111). A short account of the 
application of statistical principles to metallurgical research 
is given.—B. G. B. 

The Ayrshire Dockyard. (Lithgow J., 1955, 2, Autumn Issue, 
10-14; Winter Issue, 12-17). The historical account of the 
activities of this dockyard is presented. Pressed metal 
products are at present being manufactured.—n. G. B. 

The Part Played by France in Metallurgy. P. G. Bastien. 
(Usine Nouvelle, 1955, 11, June 23, 14-15; June 30, 15-16). 
Past and present French contributions to progress in iron and 
steelmaking, the metallurgy of aluminium, magnesium, light 
alloys, copper, and the white metals, and control and testing 
equipment are briefly described.—t. E. D. 

Continuous Casting and the Use of Oxygen in Steel Produc- 
tion. (Z'enth Scientific Conference). F. Rapatz. (Bol. Assoc. 
Brasil Met., 1955, 11, Jan., 31-44, 45-57, 111-133, 135-152). 
{In Portuguese]. This group of articles includes two papers 
given by Dr. F. Rapatz and reports of two discussion groups 
held at the 10th conference of the Brazilian Society of Metals. 
The papers describe the continuous casting of steel and the 
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use of oxygen in the iron and steel industry. One discussion 
group was also concerned with the use of oxygen, the other 
with the use of Brazilian coal in the iron and steel industry. 

Metallurgical Uses of Radioactive Isotopes. U. Been. 
(Tidsskr. Kjemi, Bergvesen Met., 1955, 15, (6), 104-106). [In 
Norwegian]. Sections discuss the use of isotopes for measuring 
diffusion rates, self-diffusion, vapour pressures of metals, and 
for studying microstructures, friction, sulphur in coke, and 
air passage rates through blast-furnace burdens. Two 
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examples illustrate their use in determining the efficiency of 
electrode mixing machines and a study of cement burning 
times using a scintillation counter.—c. G. K. 

Quality Control in Mass Production. E. Schmiegelow. (Bol. 
Assoc. Brasil. Met., 1954, 10, Oct., 335-345). [In Portuguese]. 
The author takes the mass production of piston rings as an 
example and, after discussing the principal features of their 
manufacture, shows how statistical control assures quality 
and homogeneity in the product.—p. s. 


BOOK NOTICES 


DEARDEN, Joun. ‘“ Iron and Steel To-day.” Second Edition. 
8vo. pp. 272, illustrated. Oxford, 1956: Oxford University 
Press. (Price 12s. 6d.). 

The new edition of this book incorporates references to 
important new techniques, such as steel moulding, contin- 
uous casting of steel, the manufacture of spheroidal-graphite 
iron and of low-nitrogen Bessemer steel, and the use of the 
oxygen lance in are furnaces. The various data have 
been revised, the description of the types of steel has 
been rewritten, and a chapter has been added indicating 
post-war development in the industry. There is also, in 
the Appendix, useful matter on commercial aspects of the 
trade and the location of the industry in Britain. 

In all, the book represents a lucid, balanced, and up-to- 
date survey of the manufacture of iron and steel products 
and of their characteristics. It is pleasing to read, well 
illustrated, and, considering the overall attractiveness of 
the presentation, the price remains very reasonable. The 
book can be recommended to various technical people 
who require a good general picture of the industry, similarly 
to the ordinary person with an interest in such matters. 
More particularly, the volume can be regarded as very 
useful reading matter for those actually engaged in the 
industry who are studying for the iron and steel operatives’ 
examinations, or who merely want a general understanding 
of their work. 

Only two minor misprints were noted, but the error of 
describing the High Level Bridge at Newcastle as a wrought- 
iron bridge has been repeated from the earlier edition. 
It is, in fact, a cast-iron bridge.—A. R.BaILey. 

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 
“Heat Bibliography, 1948-1952.” Prepared by Heat 
Division, Mechanical Engineering Research Laboratory, 
Zast Kilbride. 8vo, pp. 414. Sept., 1954. 

This bibliography, which has been recently made avail- 
able to a wider public than the Heat Division of M.E.R.L., 
for which it was originally prepared, contains about 8000 
references to the study of heat; its generation, trans- 
mission and utilization are all covered, together with the 
effects of heat on, and on heat of, innumerable other 
physical phenomena and properties. Each of the 46 
sections is arranged in alphabetical order of authors, but 
there is no other indexing arrangement beyond a very full 
table of contents. Only references are given, but, as in 
so many papers in pure science, the titles are usually a 
sufficient guide to the contents. In spite of a number of 
trivial errors of spelling, this bibliography should be of 
much use to physicists and engineers alike.—J. P. 8. 


Witson, W. Ker. ‘ Practical Solution of Torsional Vibration 


Problems.” Volume I. ‘* Frequency Calculations.’’ Third 
edition. 8vo, pp. xxxii + 704. Illustrated. London, 
1956: Chapman & Hall, Ltd. (Price 105s.) 

Ever since its first appearance twenty-one years ago this 
book has been looked upon as a standard reference work 
on the subject. In this third edition the author has not 
only brought it up to date by incorporating recently 
published data and newer methods of treatment, but has 
also taken the opportunity of completely revising its 
layout to facilitate reference to any particular aspect. 
The number of chapters has been increased by sub-division, 
and the two volumes have been made more self-contained, 
the present Volume I dealing only with calculations of 
torsional vibration frequencies, leaving amplitude and 
stress calculations to Volume II. 

The emphasis of the book is on the word “ practical.” 
All the essential theory of torsionally vibrating systems, 
and systems in which torsional and other vibrations are 
coupled, is given; but theory only deals with the behaviour 
of model systems comprising concentrated, or uniformly 
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distributed, masses connected by shafts of known stiffness. 
The particular usefulness of this book lies in the help it 
gives the engineer in translating his practical assembly of 
machine elements into the appropriate model, and in 
carrying out his frequency calculations by systematic 
tabular methods. The methods used are liberally illus- 
trated by worked examples. 

As would be expected from the author’s background, 
many of the examples deal with aero-engine/airscrew or 
marine-engine/propeller systems, but the problems with 
which the steelworks engineer is faced are in general 
likely to be simpler than these, and the methods described 
are of quite general application. Geared systems receive 
particular attention and those involving other transmission 
elements such as belts and chains are adequately dealt with. 

The book is well indexed and contains a classified 
bibliography.—H. R. MILs. 


KUBASCHEWSKI, O., and J. A. CATTERALL. ‘* Thermochemical 


Data of Alloys.” (Metal Physics and Physical Metallurgy 
Series, No. 3). 8vo, pp. 200. Illustrated. London and 
New York, 1956: Pergamon Press. (Price 45s.). 

Compared with the number of alloy systems which have 
formed the bases of constitutional studies, the number of 
parallel thermodynamic studies is small. Nevertheless, 
Kubaschewski and Catterall have, by an exhaustive 
review of the literature, been able to give at least some 
relevant thermodynamic data on over two hundred binary 
and some forty ternary metallic systems. From the 
viewpoint of the reader who is principally concerned with 
steels and alloys of iron, there is much to interest him in 
this book. Information is given on over thirty systems 
involving iron, and thermodynamic data obtained from 
studies of systems of the transition elements with the 
non-metallic elements oxygen, carbon, nitrogen, sulphur, 
and phosphorus form a large part of the book. 

The treatment of the subject matter parallels closely 
that in ‘* Metallurgical Thermochemistry,” by Kuba- 
schewski and Evans—that is to say, the book is essentially 
for reference purposes. The experimental methods used 
for the determination of thermodynamic quantities have 
not been given in detail, since these have already been 
adequately discussed in ‘* Metallurgical Thermochemistry.” 
The absence of this information in no way means that, as 
a reference book, it is not self-contained. Nevertheless, 
in an introduction of only thirteen pages, the authors have 
given a survey of the methods, both experimental and 
mathematical, of arriving at thermodynamic data which is 
excellent in its insight and balance. Throughout the rest 
of the book the approach and the discussion of the results 
are always severely practical, and no attempt has been made 
to discuss the theoretical implications of the data. This 
does not imply any criticism, since it is not the authors’ 
intention to discuss theoretical aspects of the thermo- 
chemistry of metallic systems, and it is highly unlikely 
that much could be gained at the present time by such a 
discussion except for the cases of a few simple and isolated 
systems. 

In this book the authors have been obliged to give 
thermodynamic data not only for stoichiometric compounds 
but also for solid solutions, and they have chosen, for the 
most part, to give these data in tabular rather than 
diagrammatic form. Wherever possible they have given 
the partial entropy and heat of formation of one component 
and the equivalent integral functions at a series of alloy 
concentrations, and have also added the volume change 
on formation whenever this quantity can be estimated 
with acceptable accuracy. By presenting the data in this 
form, the integral free energy and the partial thermody- 
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namic functions of the other component of a binary system 
can be readily computed. 

Throughout the book the authors have made an excellent 
job of critically appraising the various, frequently con- 


NEW PUBLICATIONS 


flicting, results of different workers, and Dr. Kubaschewski’s 
lifelong devotion to this subject is apparent in the expert 
manner in which the assessment of the experimental 
results has been carried out.—A. D. McQuILLAN. 


NEW PUBLICATIONS 


Aximow, G. W. ‘ Korrosion und Verschleiss von Stahle,”’ 
und ihre Bekampfung in Dampferzeugungsanlagen sowie 
in Maschinen- und Fahrzeugbau. Ubersetzung aus dem 
Russischen von Heinz Frohn. Deutsche Redaktion: 
F.-C. Althof. 8vo, pp. 160. Illustrated. Berlin, 1956: 
VEB Verlag Technik.(Price DM. 16.60). 

British STANDARDS INnstTITUTION. A.173 : 1956. ‘“ 100° 
Countersunk Head Steel Bolts (Unified Threads) for 
Aircraft.” Folio, pp. 13. London, 1956: The Institu- 
tion. (Price 6s.). 

British STanpARpDS InstTITUTION. A.174 1956. ‘* 100° 
Countersunk Head Corrosion- Resisting Steel Bolts (Unified 
Threads), for Aircraft.” Folio, pp. 12. London, 1956: 
The Institution. (Price 6s.). 

British STANDARDS INstITUTION. 8.500: 1956. ‘“* Inspec- 
tion and Testing Procedure for Steel Sheets and Strips.” 


Folio, pp. 22. London, 1956: The Institution. (Price 
7s. 6d.). 

British STanpaRDS Institution. 8.510: 1956 (replacing 
38.3). ‘* 28 Ton Carbon Steel Sheets and Strips.” Folio, 


(Price 2s.). 
1956 (replacing 


” 


pp. 2. London, 1956: The Institution. 
British STANDARDS InstTITuTION. 58.511 


8.84). ‘* Deep Drawing Carbon Steel Sheets and Strips. 
Folio, pp. 2. London, 1956: The Institution. (Price 
2s.). 


British STANDARDS InstituTION. 8.512 (replacing 38.20). 
“* Tinned Steel Sheets and Strips.”’ Folio, pp. 4. London, 
1956: The Institution. (Price 2s.). 

British STANDARDS InstTITUTION. 8.513 : 1956 (replacing 
D.T.D. 187A). “Spring Steel Strips.” Folio, pp. 2. 
London, 1956 : The Institution. (Price 2s.). 

British Sranparps InstiruTIoN. 8.514 : 1956 (replacing 
D.T.D. 124A). “50 Ton Carbon-Manganese Steel Sheets 
and Strips (40 Ton 0-1% Proof Stress). Folio, pp. 3. 
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pp. 2. London, 1956: The Institution. (Price 2s.). 
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0-1% Proof Stress).”’ Folio, pp. 2. London, 1956: 
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0-1% Proof Stress). Folio, pp. 2. London, 
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tution. (Price 2s.). 
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La. 8vo., pp. xv + 441. Illustrated. Madrid. (No 
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Davies, A. C. ‘ The Science and Practice of Welding.” 
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8vo, pp. x + 146. London, 1956: The Institution. 
(Price 10s. 6d.). 
INTERNATIONAL UNION OF THEORETICAL AND APPLIED 
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75 + 15. (Prepared by the Secretariat of the Economic 
Commission for Europe. E/ECE/258; E/ECE/Steel/107). 
Geneva, 1956: Sales Section, European office of United 


Nations. (Price 4s. 6d.). 
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Verlag. 

WeverR, F., A. RosE AND W. Strasssure. “ Hartbarkeit 
und Umwandlungsverhalten der Stdahle.” Forschungs- 
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J. DICKSON HANNAH, M.Sc.Tech., F.R.I.C., F.1.M. 


JAMES DICKSON HANNAH was born at Glasgow in 1898. He was 
educated at William Hulme’s Grammar School, Manchester, and at Manchester 
University, where he studied metallurgy in the Faculty of Technology. He 
graduated as B.Sc.Tech.(Hons.) in 1921, and became M.Sc.Tech. in the 


following year. From 1917 to 1919, Mr. Hannah served with the 4th Bn. 


King’s (Liverpool) Regiment in France. 


On graduation, Mr. Hannah joined Ferranti Ltd., as senior assistant 
metallurgist. After a spell as development assistant to the late Dr. S. Z. de 
Ferranti, he joined Hans Renold Ltd., of Didsbury, Manchester, in 1927, as 
chief metallurgist. He is now Central Laboratory Manager of the successors 


of that Company, Renold Chairis Ltd. 


Mr. Hannah became an Associate of the Royal Institute of Chemistry in 
1923 and a Fellow in 1929. He was elected a Fellow of the Institution of 
Metallurgists in 1946. He has been a member of The Iron and Steel Institute 
since 1932, and is also a member of the Institute of Metals. He is a member 
of the Manchester Metallurgical Society, and served as its President in 1934-1935 
and in 1954~1955. During his second tenure of this office, he served as an 


Honorary Member of Council of The Iron and Steel Institute. 








J. Dickson Hannah, M.Sc. Tech., F.R.I.C., 
Honorary Member of Council, 1954-1955. 
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